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STUDIES ON HYPERTENSION, III* 


Tue SITE OF ACTION OF ANGIOTONIN}; THE PrEssoR EFFECTS 
oF ANGIOTONIN ON PaTIENTs HavinG EssENTIAL HyPER- 
TENSION, AND PosstBLE RELATIONSHIPS TO THE 
PATHOGENESIS OF EssENTIAL HYPERTENSION 


RayMonp Grecory, Harry Levine, ANp E. L. LinpLey 


Previous reports have indicated that essential hypertension 
may not be due to a peripherally acting humoral substance 
(Gregory, Lindley, and Levine. II). Page and Kohlstaedt, 
Helmer and Page, Plentl and Page, and Braun-Menendez and 
his co-workers have isolated a crystalline pressor substance 
which they believe to be the humoral cause of the hypertension 
of both “renal ischemia” and essential hypertension. This sub- 
stance has been designated “‘angiotonin” by Page and Helmer 
and “hypertensin” by Braun-Menendez and associates. 


The data presented in our previous report were obtained 
by studying the effect of spinal anesthesia on the blood pres- 
sures of patients with a clinical diagnosis of essential hyper- 
tension. The marked fall in blood pressures that resulted from 
spinal anesthesia suggested that functional integrity of the 
vasomotor system was essential to maintenance of the elevated 
blood pressure of essential hypertension. This concept was 
strengthened by finding that a peripherally acting vasocon- 
strictor such as epinephrine would cause a great rise in the 
blood pressures of patients with hypertension when it was 
injected at the time the blood pressures were at the lowest level 
caused by spinal anesthesia. 

The extent to which angiotonin has been considered as a 
possible cause of essential hypertension made it desirable to 
study the effect of angiotonin on the blood pressures of patients 


“From the Departments of Internal Medicine and Pharmacology, The 
University of Texas School of Medicine, Galveston, Texas. Received for 
publication December 20, 1943. 

tI. H. Page, Director of the Eli Lilly Company Laboratory of Clinical 
oon furnished us generous amounts of angiotonin, for which we are 
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with hypertension when the blood pressure was lowered by 
spinal anesthesia. Many workers’ belief in a humoral etiology 
for essential hypertension and our own previously reported con- 
flicting results made us consider the possibility that a humoral 
substance produced in the “ischemic” kidney or elsewhere might 
produce vasoconstriction and hypertension by an effect on the 
vasomotor centers of the medulla or the cord. A substance act- 
ing at these central sites would probably have its pressor effect 
prevented by spinal anesthesia, whereas a strictly peripherally 
acting vasoconstricting agent would not have its action influ- 
enced by spinal anesthesia. If it were found, for example, that 
angiotonin produced its pressor effect by central action, the 
apparent conflict between our previously reported results and 
those in the literature would possibly be resolved. Accordingly, 
the peripheral and central actions of angiotonin have been 
studied in man and dogs. 


MetTHops 


Spinal anesthesia was induced in patients with essential hy- 
pertension as previously described (Gregory, Lindley, and Le- 
vine). At the lowest level of blood pressure produced by spinal 
anesthesia, angiotonin was injected intravenously and the effect 
on the blood pressure observed. As a control angiotonin was 
given intravenously to patients with normal blood pressures 
before and during a period of spinal anesthesia. 

To test further the possibility that angiotonin might produce 
vasoconstriction by action on the central nervous system, the 
effect of this substance on the blood pressure of dogs was de- 
termined before and after section of the vagus nerves and 
section of the spinal cord at low cervical levels. 


RESULTS 


Analysis of the data in Table I shows that 0.5 cc. of angio- 
tonin given intravenously caused the systolic blood pressures 
to rise an average of 37 millimeters of mercury and the dias- 
tolic an average of 39 millimeters of mercury in four patients 
who had normal blood pressures before the injection of angio- 
tonin. The data in Table II show that angiotonin given intra- 
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yenously to five patients with normal blood pressures during 
a period of spinal anesthesia produced by 150 milligrams of 
procaine hydrochloride caused an average rise of 56 milli- 
meters of mercury systolic and 55 millimeters of mercury 
diastolic pressure during the peak of the spinal anesthesia. In 
Table III the data relating to the effect of angiotonin on the 
blood pressures of hypertensive patients are presented. One 
hundred fifty milligrams of procaine hydrochloride was in- 
jected subarachnoidally. During the height of the spinal anes- 
thesia, as judged by the low blood pressure levels, angiotonin 


TaBLeE I. 


Effect of Angiotonin on Normal Blood Pressures. 


Normal Blood Angiotonin Blood Pressure rise Duration of 
Pressure Intravenously Due to Angiotonin Onset Rise in 
in mm. Hg. cc. in mm. Hg. of Rise Minutes 


142/84 0.5 200/152 Immediate 8-10 
130/92 0.5 158/130 Immediate 8 
114/76 0.5 152/110 Immediate 5 
114/85 1.0 178/142 Immediate 6 


Tas_e II. 


Effect of Angiotonin on Normal Blood Pressures During Spinal 
Anesthesia (150 mgs. Procaine). 


Blood Pressure 
Normal Level After Fall Pro- Angiotonin Blood Pressure 
of Blood duced by Spina] _Intra- Rise Due to Onset Duration 
Pressure in Anesthesia in venously Angiotonin ° of Rise 
Patient mm. Hg. mm. Hg. in mm. Hg. Rise in Min. 
J. F. _..130/88 120/74 } 154/136 Immediate 8 
120/84 5 194/138 Immediate 10 
108/76 E 140/100 Immediate 4 
110/70 . 182/140 Immediate 6 
110/74 : 180/140 Immediate 7 


Taste III. 


Effect of Angiotonin on Blood Pressures of Hypertensive Patients during Fall 
in Blood Pressure Caused by Spinal Anesthesia (150 mgs. Procaine). 


Blood Pressure 

Blood Pressure During Fall Pro- Angiotonin 
Before Spinal duced by Spinal Intra- Blood Pressure Onset Duration 

Anesthesi Anesthesia in venously Rise Due to of of Rise 
Patient in mm. Hg. mm. Hg. in cc, Angiotonin Rise in Min. 
210/134 154/104 0.5 264/180 Immediate 7 
220/142 130/98 0.5 192/134 Immediate 10 
200/110 154/94 0.5 244/144 Immediate 10 

178/102 

220/118 0.5 262/162 Immediate 10 
~.220/110 0.8 250/130 Immediate 10 
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was given intravenously. This resulted in a rise of blood pres. 
sure without exception. The average rise of systolic pressure 
was 84 millimeters of mercury, and the average diastolic rise 
was 50 millimeters of mercury in five patients. 


It is evident, therefore, that angiotonin produces moderate 
to marked elevations of blood pressure when administered dur. 
ing the functional vasomotor block caused by the spinal anes. 
thesia. The elevation of blood pressure produced by angiotonin 
was greater when it was administered during spinal anesthesia 
either to patients who had originally normal or to patients 
with initially elevated blood pressures than it was when given 
to patients with normal blood pressures without the spinal 
anesthesia. We believe the intense rise during spinal anesthesia 
is significant. It is suggested that the greater rise during spinal 
anesthesia is probably due to the interference of the spinal 
anesthesia with reflex regulation of blood pressure. 


The capacity of angiotonin to increase the blood pressure 
of patients during the height of spinal anesthesia is interpreted 
to indicate that the pressor action of angiotonin is exerted in 
the periphery and not in the vasomotor centers of the medulla 
or spinal cord. 


To obtain further evidence concerning the site of action of 
angiotonin, its effects were studied in dogs. Figures 1 to 4 are 
kymographic records of the effects of angiotonin on the blood 
pressures of dogs when it was injected after section of the vagus 
nerves, section of the spinal cord at low cervical levels and 
following both bilateral vagus section and transection of the 
cord at low cervical levels. Study of these records shows that 
the pressor action of angiotonin is quantitatively essentially the 
same before and after section of the vagi and spinal cord. From 
this we conclude that the pressor action of angiotonin is not 
due to action on the bulbar portions of the central nerv- 
ous system and that its action is probably, therefore, in the 
periphery. 


LITERATURE 


Angiotonin apparently stimulates directly the smooth muscle 
of the gall bladder and duodenum (Harrison and Ivy, Page and 
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Helmer) as well as the smooth muscle of the arterial system 
(Lorber, Abell and Page, Bradley and Parker, Wilkins and 
Duncan, Page and Helmer). 


Discussion oF RESULTS 


The data presented in Tables II and III definitely show that 
the ability of angiotonin to raise the blood pressure is not dimin- 
ished at all when the vasomotor block due to spinal anesthesia 
has decreased the blood pressure of either individuals with nor- 
mal blood pressures or with hypertension. We believe this 
indicates that the site of the pressor action of angiotonin in 
man is entirely peripheral. 

The kymographic records, figures 1 to 4, show that neither 
bilateral vagus section, transverse section of the spinal cord 
at low cervical levels, nor a combination of these two pro- 
cedures change the pressor action of angiotonin in dogs in any 
way. It is concluded, therefore, that the pressor activity of 
angiotonin in dogs does not depend upon direct or reflexly 
mediated stimulation of the vasomotor center. It may be 
argued that the experimental procedures used do not rule out 
the possibility that spinal cord centers may have been stimu- 
lated in the dog. We believe, however, that it is unlikely that 
this would have occurred during the period of “spinal shock” 
which develops immediately after cord section and during 
which time vascular reflexes are known to be abolished (Best 
and Taylor). Furthermore, in our studies on patients, this 
possibility was made unlikely by the continued pressor effect 
of angiotonin when given during the height of spinal anes- 
thesia. 

Our conclusions from the experiments on dogs are in essen- 
tial agreement with those of Page and Helmer who showed 
that the pressor effects of angiotonin persisted in cats after 
the animals were pithed through the eye; and that the ves- 
sels of the rabbit’s ear were caused to constrict by the perfusion 
of the ear with angiotonin either in blood or Ringer’s solution; 
and that the arterioles of a rabbit’s ear in a moat chamber also 
constrict under the influence of angiotonin. The arterioles 
under the last mentioned circumstances have not acquired 
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nerve fibers (Abell and Page). This evidence of local action 
on arterioles and the additional evidence that intradermal in- 
jection of angiotonin produces blanching and intra-arterial 
injection produces vasoconstriction in the muscular parts sup- 
plied by the artery (Wilkins and Duncan) proves that the 
drug has a pressor effect by its local action on smooth muscle. 
It does not exclude the possibility, however, that angiotonin 
may produce a pressor action by its effect on the central nery- 
ous system. It is believed that the data presented here show 
that the pressor action of angiotonin in normal man and in 
patients with hypertension as well as in dogs is not dependent 
upon any action on the vasomotor centers of the medulla or 
cord. 

Study of figures 1 to 4 shows that there is little if any change 
in the pressor effectiveness of angiotonin after repeated in- 
jections. This essentially confirms the findings of Page and 
Helmer that tachyphylaxis occurs with angiotonin only after 
many single doses, as many as eleven injections being given 
by them with but slight lessening of the response; and the 
claims of Braun-Menendez et al. that tachyphylaxis does not 
occur with “hypertensin.” 

The continued responsiveness of the peripheral portions of 
the vasomotor apparatus of patients with essential hyperten- 
sion to the pressor effects of angiotonin after their blood pres- 
sures have been made to fall greatly by spinal anesthesia re- 
quires further analysis. It may be argued that essential hyper- 
tension could not be due to a specific humoral pressor substance 
if that substance continued to exert its pressor action during 
the marked fall in blood pressure caused by spinal anesthesia. 
At first glance, therefore, it obviously appears that it is un- 
likely that essential hypertension is due to a humoral pressor 
substance and that it is particularly unlikely that essential hy- 
pertension is due to angiotonin. We have previously shown 
that epinephrine continues to exert its pressor action under the 
same circumstances. This is true unless the spinal anesthesia in 
some way influences the production, destruction or excretion 
of the humoral substance in question. 

The data in Tables I, II and III do not show a sufficient dif 
ference in the rate of destruction and excretion of angiotonin 
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in the individual with a normal blood pressure, before or dur- 
ing spinal anesthesia, and in the hypertensive patient during 
spinal anesthesia. If spinal anesthesia causes a fall in the 
blood pressure of hypertensives by increasing the rate of de- 
struction or excretion of angiotinin, the duration and intensity 
of action of this substance should be less in the hypertensive 
during the period of a fall in pressure due to spinal anesthesia. 
As a matter of fact, the duration and intensity of action of 
angiotonin in the hypertensive patient during the period of 
spinal anesthesia are greater than they are in the individual 
with normal blood pressure either during or before the spinal 
anesthesia. This, too, may be due to the interference of the 
spinal anesthesia with reflex control of blood pressure. This 
appears to indicate that spinal anesthesia does not cause a fall 
in blood pressure of hypertensive patients by a mechanism 
which increases the rate of destruction or excretion of angio- 
tonin even if angiotonin is the humoral substance causing 
essential hypertension. 


The possibility that spinal anesthesia may influence the level 
of blood pressure of hypertensives by diminishing the produc- 


tion of a humoral pressor substance by the kidney has been 
commented upon in a previous paper (Gregory, Lindley and 
Levine). In discussing the manner by which operations on 
the sympathetic nervous system produced a lowering of the 
blood pressure of hypertensives, Goldblatt postulated that the 
results were due to a decrease in vasomotor tonus to the kid- 
ney blood vessels, a decrease in the degree of “renal ischemia” 
and a consequent decrease in the amount of humoral pressor 
substance produced by the kidney with resulting decrease in 
blood pressure. 

We should like to point out, as we have previously done 
(Gregory, Lindley and Levine. I) that spinal anesthesia re- 
sults in a decrease of renal function in patients with hyper- 
tension when measured by the urea clearance test. This occurs 
in hypertensives who had normal urea clearances as well as 
in those with diminished renal function before the spinal an- 
esthesia. We have stated that it seems unlikely that an in- 
crease in the renal blood flow (decrease in “renal ischemia” ) 
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occurs as a result of sympathetic block in the face of ey. 
dence that excretory function is diminished under these cir. 
cumstances. ; 

Foa and associates found no change in the renal blood flow 
in seventeen patients with hypertension following bilateral 
supradiphragmatic splanchnicectomy and lower dorsal sym. 
pathetic ganglionectomy. They believed that the lowered blood 
pressure in the face of a constant blood flow following splanch- 
nicectomy suggested decreased vascular resistance and intra- 
renal arteriolar vasodilatation and an increased pulse pressure 
within the kidney. We are unable to see that this is neces- 
sarily suggested. And until some change in the hemodynamics 
of the kidney were demonstrated, it would appear unwise to 
assume that the fall in blood pressure following surgery is 
necessarily mediated by changes in the kidney. 

It has already been suggested (Gregory, Lindley and Levine. 
II) that the fact that a pressor substance remains active dur- 
ing the fall in blood pressure from spinal anesthesia makes 
it unlikely that essential hypertension is due to a circulating 
pressor substance unless the spinal anesthesia does something 
to stop the manufacture of this pressor substance. It would 
also be necessary for the pressor substance already in the 
body at the induction of the spinal anesthesia and the cessa- 
tion of manufacture of the pressor substance to be destroyed 
very quickly in order to account for the almost precipitate 
drop in blood pressure of hypertensive patients resulting dur- 
ing spinal anesthesia. The duration of the pressor action from 
angiotonin intravenously, as shown in Tables I, II and III n 
normals and hypertensives ranged from four to ten minutes. 
The speed with which angiotonin is thus destroyed or excreted 
is consistent with the possibility that spinal anesthesia or sym- 
pathetic nerve surgery could do something to the kidney to 
stop the manufacture of the substance and that amount al- 
ready present in the body could be quickly destroyed and a 
sudden fall in the pressure would ensue. On the other hand, 
Gregory, Lindley and Levine have pointed out that not only 
is the fall of blood pressure in hypertensive patients precipi- 
tate with spinal anesthesia, but the rise following the wearing 
off of spinal anesthesia is just as rapid. 
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Let us compare these facts with the rate at which the blood 
pressure rises and falls in association with the production and 
correction of the partial renal arterial constriction which is 
known to produce experimental hypertension and which is 
generally accepted to be due to angiotonin. 

The slow rise and fall of blood pressure following partial 
constriction of the renal artery and release of the constriction 
or removal of the affected kidney has been shown repeatedly 
(Goldblatt, H., Blalock and Levy, Rodbard and Katz). We 
(Gregory, Lindley and Levine. II) have contrasted this slow 
rise and fall of blood pressure which characterizes the pro- 
duction and correction of “renal ischemia” with the very rapid 
fall and rise of pressure due to spinal anesthesia and the 
wearing off of the spinal anesthesia. We wish to emphasize 
this difference at this time. We have also shown by analysis 
of the literature (Adson and Brown, Page and Heuer) that 
the blood pressure falls rapidly following surgery on the sym- 
pathetic nervous system and have pointed out that this was 
similar to the rapid changes in pressure produced by spinal 
anesthesia. Further, it can be shown by the literature (Barker 
and Walters, Bartels and Leadbetter, Oppenheimer, Klemperer 
and Moschkowitz and Nesbitt and Ratliff) that the fall in 
pressure following unilateral nephrectomy is slow—a num- 
ber of hours to days—and compares favorably with the 
length of time required in dogs following correction of “renal 
ischemia.” 

The rapidly developing pressor action of short duration of 
angiotonin intravenously in patients with normal or elevated 
blood pressures is in marked contrast to the length of time 
required for the blood pressure to rise following the produc- 
tion of “renal ischemia” and the number of hours required 
for the blood pressure to fall either in dogs following release 
of renal artery constriction, removal of an “ischemic” kidne 
or removal of a unilaterally diseased kidney in man. 

To what is this difference in duration of action due? Is it 
due (1) to the fact that angiotonin is not the cause of the 
hypertension associated with “renal ischemia” in man or ani- 
mals? The answer to this would certainly seem to be no. (2) 
Why should angiotonin be any more quickly destroyed or ex- 
creted by patients with normal or elevated blood pressures 
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than it is in the animal following release of the renal arterial 
constriction or removal of the ischemic kidney with the other 
normal? Rodbard and Katz found six to twelve hours required 
for the blood pressure of a dog to fall to normal following 
removal of one ischemic kidney with a normal one remain- 
ing. (3) Is it due to a lesser amount of the substance being 
present in the body following intravenous injection than re- 
sults from the production of this substance by an abnormal 
kidney? It would appear that this is not the case, because 
the amount would probably determine the degree of eleva- 
tion rather than duration of the pressor action. 

As stated previously, the fact that angiotonin continues to 
exert its pressor action in patients with essential hyperten- 
sion during the often marked decrease in blood pressure asso- 
ciated with a high spinal anesthesia indicates either that essen- 
tial hypertension is not due to the pressor action of angiotonin 
or that spinal anesthesia either promotes the destruction or 
excretion or stops or limits the production of angiotonin. 

The data presented here fail to support the possibility that 
spinal anesthesia hastens the excretion or destruction of an- 
giotonin. On the contrary, we have presented data which in- 
dicate that the action of angiotonin is more intense and of 
longer duration when administered to either normal or hyper- 
tensive patients during spinal anesthesia. 

Attention has been called to the extremely short duration 
of action of angiotonin in both normotensive and hyperten- 
sive patients during spinal anesthesia and the number of 
hours required for the blood pressures of dogs and man to re- 
turn to normal following procedures calculated to stop the 
production of angiotonin. While this does not prove that essen- 
tial hypertension is not due to angiotonin, the evidence pre- 
sented here and in the literature suggest that experimental 
hypertension due to “renal ischemia” and essential hyperten- 
sion are caused by different mechanisms. 

We believe that the data presented here strongly suggest, 
though they do not prove, that essential hypertension is not 
caused by angiotonin. Final opinion on this point must await 
the conclusive proof that angiotonin is or is not present in 
increased amounts in the blood of patients with essential hy- 
pertension. Studies concerning this are in progress. 
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SUMMARY 


The site of the action of angiotonin has been studied in 
man and the dog by injecting this substance intravenously 
into normotensive patients before and during high spinal an- 
esthesia and into hypertensive patients during spinal anesthe- 
sia; and into dogs before and after bilateral vagus section and 
low cervical section of the spinal cord. The resulting data 
have been discussed in terms of their possible relationship to 
the pathogenesis of essential hypertension. 


CoNCLUSIONS 


The pressor action of angiotonin is exerted peripherally and 
does not involve any effect on the bulbar or spinal vasomotor 
centers of man or the dog. 

The data presented strongly suggest that angiotonin is not 
involved in the pathogenesis of essential hypertension. 

Final proof awaits conclusive demonstration of the presence 
or absence of angiotonin in increased amounts in the blood 
of patients with essential hypertension. 
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OCULAR COMPLICATIONS OF DIABETES MELLITUS* 


WituraM B. Porrer 


Degenerative changes of the retina and opacification of the 
crystalline lens are recognized as the most frequent ocular 
complications of diabetes mellitus. Additional complications 
of the ocular and visual apparatus have been listed by Waite 
and Beetham as consisting of decrease in accommodation, de- 
generative iritis, wrinkling of the corneal endothelium, altera- 
tions in refraction, optic atrophy, hemianopia, glaucoma, 
Argyll-Robertson pupil, paralysis of the extrinsic muscles, toxic 
amblyopia and massive vitreous hemorrhage. 


With the exception of alteration in refraction, cataract, and 
retinal degeneration, most of these changes are inconsistent 
in appearance and duration, and occur in only one-half to one 
per cent of diabetic patients. 


There is some indication that refractive changes and cataract 
are very closely associated and perhaps both belong in the 
same category of complications. It has been pointed out that 
changes in the refractive index of the eye are in accord with 
salt retention and associated metabolic changes occurring in 
the lens and the ocular media as the blood sugar content in- 
creases. Adler has suggested that unequal sugar concentra- 
tions of the aqueous and vitreous might account for refractive 
alterations. It may be assumed that the aqueous functions as 
a convex lens and the vitreous functions as a concave lens. 
Thus, increase in index of refraction of the aqueous and vitreous 
would have the total effect of the increased refraction of the 
eye. If inequality of alteration of refraction in the aqueous 
and vitreous is considered, explanation is available for the 
extreme changes in refraction occasionally noted. Adler be- 
lieves this does occur, for his studies indicate that sugar con- 
tent of the aqueous follows that of the blood plasma, while 
that of the vitreous is not liable to such changes. Granted that 
refractive changes of the lens occur as a result of both altered 
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index of refraction and lenticular edema, which produces in- 
creased curvature of the lens surfaces, cause for refractive 
changes in association with blood sugar alterations is explained, 
Jackson notes in this connection that the lens cortex constitutes 
concave menicus lenses that modify the action of the nucleus 
due to its great concavity and high refractive index. Refer- 
ring to sudden refractive changes in diabetic patients, Duke- 
Elder has recorded forty-five cases in which increased myopia 
was associated with increased blood sugar and diminished 
refraction (hyperopia) was associated with rapid reduction of 
blood sugar. 

All ophthalmologists are fully aware that cataract is one 
of the most frequent complications of diabetes, and most oph- 
thalmologists will agree that every patient with a cataract must 
have a urinalysis. Rea states that statistically cataract cannot 
be proved to be more frequent among diabetic patients; he also 
states that it is the clinical impression of a great many physi- 
cians that cataract is actually much more frequent among 
diabetic patients. It seems likely that the appearance of cata- 
ract, which may be bilateral, is a late stage of lenticular edema, 
which may, in the first place, account for visual impairment. 
Friedenwald, in discussing a group of rapidly advancing cata- 
racts occurring rather early in life in severe diabetic patients, 
noted that the mechanism of cataract formation due to diabetes 
was unknown. Acidosis, increased blood sugar, and altered fat 
metabolism could not be demonstrated as etiological factors. 
The fact that early control of diabetes will frequently inhibit 
cataract development and the fact that pancreéctomized dogs 
will develop cataracts is presumptive evidence that there is 
some factor associated with untreated diabetes which is related 
to the development of cataract. It is interesting to recall that 
S. Wier Mitchell, that remarkable novelist, neurologist, and 
experimenter, produced cataract in frogs by means of injections 
of sugar solution. 

Diabetic lenticular changes develop rather slowly, and it 
has been suggested that a decrease in visual acuity after the 
age of 45, especially if due to the development of myopia, may 
be assumed to indicate a metabolic abnormality (edema) of 
the lens strongly suggestive of diabetes. Whether or not these 
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same metabolic changes are the changes associated with the 
development of cataract is a disputable point. It is frequently 
noted, however, that following the development of myopia, 
lenticular opacification begins its appearance. 

Many investigators have pointed out repeatedly that several 
types of cataract may be associated with diabetes. A similar 
number of investigators have claimed that there is no such 
thing as a typical diabetic cataract. One type, however, which 
has frequently been designated as being typical of diabetes, 
is formed of a cloud of small opacities situated beneath the 
capsular epithelium. Clinical microscopic examination suggests 
that many of these opacities are droplets. In the large group 
of diabetic cataracts seen, however, the ordinary senile type of 
cataract is by far the most common. It is characteristic of 
cataract which appears in diabetes that it is detected at the 
age of 40 or 45, which is some 10 or 15 years earlier than the 
appearance of the ordinary senile cataract. It is not infrequent 
that diabetes is first suspected because of the finding of a 
senile-type cataract in one eye or in both eyes. 

Diabetes, in itself, presents no contraindication to the cataract 
extraction operation if the patient is under control by diet and 
insulin. The operation is absolutely contraindicated during 
periods of hyperglycemia. 

The so-called typical rejjnitis was first illustrated in the 
Jaegar Atlas of Ophthalmology in 1855. The pathological 
changes noted were described as being due entirely to diabetes. 
It is now recognized that hypertension and arteriosclerosis are 
more than casually associated with retinal pathology of dia- 
betes, and there are many indications that in a great number 
of patients the retinal lesion is due to hypertension or arterio- 
sclerosis rather than diabetes, although there is tendency to 
designate such retinal degeneration as a typical retinopathy 
of diabetes once the urine is known to contain sugar or a 
hyperglycemia is found. Features usually noted in this group 
of degenerative retinal diseases are flame-shaped hemorrhages, 
deep, round hemorrhages, large sub-hyaloid hemorrhages, waxy 
exudates, cotton-wool exudates, deposits of crystals, aneurysms, 
proliferation of capillaries, the stellate figure about the macula, 
copper or silver wire changes of the arteries, arteriovenous 
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nicking, retinal edema, or edema of the disc. The problem, 
therefore, is to designate which of these findings are due to 
diabetes and which are the result of factors associated with 
hypertension and arteriosclerosis. 

Primarily, the appearance of the typical diabetic fundus js 
that of hemorrhages and exudates. Contrary to usual opinion, 
any type of hemorrhage (flame-shaped, nerve fiber layer, or 
sub-hyaloid) and any type of exudate (waxy or cotton-wool) 
may be present and may be in any part of the retina. There 
are, however, certain cases in which it is noted that the exudates 
are clear-cut in outline, solid and wax-like in appearance, and 
arranged about the macula in a circinate manner. This type 
is distinguished from types showing primarily nephritic, hyper- 
tensive, or arteriosclerotic changes. Thus, in the truly diabetic 
type of retinal picture, cotton-wool patches and the renal stel- 
late figure are absent. In the more typical diabetic retinal 
picture hemorrhages are noted to be small and round because 
they occur in the deepest layer of the retina. Such hemorrhages 
produce extensive destruction of rods and cones; hence if such 
hemorrhages are distributed in the macula proper, visual im- 
pairment is great. McKee describes the characteristic diabetic 
retinal lesion as being limited to the posterior pole of the eye 
in an area circumscribed by the upper and lower temporal 
arteries. In this area yellow or white chalk-like spots with 
sharp borders are noted. These are located in the deep or inter- 
mediate retinal layers, and may be associated with small deep 
hemorrhages. Edema is usually not noted. Most authorities 
question the exact pathological process that is associated with 
this retinal degeneration. Leopold emphasizes that diacetic 
acid, acetone, hyperglycemia, and decreased calcium content 
of the blood are not factors. It is also noted clinically that the 
appearance of exudates and hemorrhages is not associated with 
any particular clinical changes in the arteries and veins. Cohen, 
after observation of a large number of cases in which arterio- 
sclerosis, nephritis, and hypertension were completely absent, 
was able to suggest the existence of some product which resulted 
from faulty metabolism and altered composition of the blood. 
He suspected that this agent acted at the same time on vessels 
and retinal tissue to produce the changes noted. Duke-Elder 
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is quoted by Tooke as questioning the existence of a true dia- 
betic retinopathy. Discussion of this question is associated with 
the process by which the retinal changes develop. The sug- 
gestion is made that the retinal degenerations, while not pathog- 
nomonic or specific of a diabetic condition, may usually be 
distinguished from arteriosclerotic and renal retinopathies. This 
is in consideration of those cases in which retinal degenerations 
are associated with normal blood pressure and the absence of 
renal disease and arteriosclerosis. The possibility of transi- 
tional or combined forms of retinopathy is to be considered in 
many cases. Further, it is possible that cardiac or renal dam- 
age, or arteriosclerosis, may be present but not clinically de- 
tected. It is the conclusion of Lee and Gradle that fundus 
lesions are due to vascular sclerosis in this entire group of 
cases. 

Numerous investigators have been able to dispute the rarity 
of retinal lesions in young diabetics. O’Brien has described 
23 cases of retinopathy among 555 diabetics under the age 
of 31. In all of these cases hemorrhages and exudates were 
present; blood pressure was normal and the urinalysis negative. 

Anderson has stated the universal opinion regarding diabetic 
retinal degenerations. The most meticulous diabetic control 
does not cause any semblance of a reversal of the pathologic 
process, nor is it possible by means of treatment to stay the 
course of degeneration. Anderson describes the condition as 
an endarteritis which is associated with a generalized process. 
Diet and youth are noted not to exempt patients from retinal 
involvement, which appears in approximately 59 per cent of 
patients over the age of 15 years. It is suggested by Anderson 
that patients receive early treatment with high carbohydrate, 
low fat and low calory diet with adequate insulin so that body 
fat stores are reduced long before sclerosis develops. 

In closing, I would like to call attention to a rare but inter- 
esting diabetic retinosis termed lipemia retinalis, which was 
first described by Heyl. Sixty cases of this condition have been 
reviewed by McKee and his associates, and virtually all of 
these were noted before the discovery of insulin. When blood 
fat content exceeds 3.5 per cent, the arteries and veins in the 
retina become a gray-pink in color and are indistinguishable 
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from one another. The retina becomes dull gray in color. This 
condition is associated exclusively with acidesis but does not 
parallel the degree of acidosis. The prognosis is in accord with 
the general diabetic condition; permanent damage is not sus- 
tained by the retina if adequate treatment by diet and insulin 
is administered (Troncoso). 


BIBLIOGRAPHY 


Adler, F. H.: Sugar content of ocular fluids, Trans. Amer. Ophthal. Soc., 
28:307-340, 1930; Metabolism of the retina, Arch. Ophth., 6:901-905, 
1931; Trans. Amer. Ohpthal. Soc., 29:233-241, 1931. 

Anderson, G. E.: Problem of retinitis in diabetic patients, Arch. Ophth., 
28:679-690. 1942. 

Cohen, M.: Significance of pathologic changes in fundus, Jour. Amer. 
Med. Assn., 78:1694-1701, June 3. 1922. 

Duke-Elder, W. C.: Changes in refraction in diabetes mellitus, Brit. Jour. 
Ophth., 9:167-187, 1925; Text-Book of Ophthalmology, C. V. Mosby, 
St. Louis, 1941. 

Friedenwald, J. S.: Pathology of the Eye, Macmillan, New York, 1929. 

Gradle, H., Discussion on ocular conditions in diabetes, Amer. Jour. Ophth., 
10:54, 1927. 

Heyl, A. G.: Intra-ocular lipemia, Trans. Amer. Ophth. Soc., 3:54-64, 1880. 

Jackson, E. H.: In Berens, Textbook of Ophthalmology, W. B. Saunders, 
Philadelphia, 1936. 

Jaeger, E.: Pathologie des Auges, Berlin, 1855. 

Lee, R. H.: Ocular fundus in diabetes Mellitus, Arch. Ophth., 26:181-202, 
1941. 

Leopold, E.: Discussion in symposium on diabetic retinitis, Amer. Jour. 
Ophth., 8:61, 1925. 

McKee, S. H.: Examination of Fundus in 2,360 diabetics, Canad. Med. 
Asso. Jour., 45:127-129, 1941. 

McKee, S. H., D. R. Wilson, A. F. Fowler, and B. Wilen, Lipemia retinalis, 
Amer. Jour. Ophth., 25:513-521, 1942. 

Mitchell, S. W.: On the production of cataract in frogs by the administra- 
tion of sugar, Amer. Jour. Med. Sci., 39:106~—110, 1860. 

O’Brien, C. S., and J. H. Allen: Ocular changes in young diabetic patients, 
Jour. Amer. Med. Assn., 120:190-192, September 19, 1942. 

Rea, R. L.: Neuro-Ophthalmology, C. V. Mosby, St. Louis, 1941. 

Tooke, F. T., and J. V. V. Nicholls: On character and co-incidence of retinal 
hemorrhages occurring in diabetes, Canad. Med. Asso. Jour., 46:35—-41, 
1942. 

Troncoso, M. U.: Internal Diseases of the Eye, p. 332, Edition I, F. A. 
Davis, Philadelphia, 1937. 

Waite, J. H., and W. P. Beetham: Visual mechanism in diabetes mellitus, 
New England J. Med., 212:367, 429, 1935. 





THE WHITE RACE AND THE TROPICS: A POST-WAR 
PROBLEM 


Lupwik ANIGSTEIN* 


This war, which has no parallel with any war of the past, 
will be followed by an equal complexity of problems. The 
world’s reconstruction lies ahead as a task of such magnitude 
as to bewilder all who think seriously of it. In recognizing our 
responsibilities before generations to come we are now organiz- 
ing ourselves for the post-war era in order to face our expected 
peace in a better state of preparedness than when we were 
forced to confront this war. 

One of the false pretexts created by those responsible for 
this disaster was the necessity for a so-called “living space.” 
This once imaginary problem may, however, become realistic 
after victory in spite of the depletion of the peoples of the 
world by the millions. As paradoxical as this sounds, we have 
to realize that scores of millions of Europeans are and will be 
homeless, eagerly awaiting the opportunity to abandon the 
ruins of the Old World and start a new life far from the scenes 
of horror and sufferings. For these victims plans are being 
considered within the general scheme of the United Nations 
Relief and Rehabilitation. 

Just as our military operations are now being displayed 
largely in the tropics, we may anticipate that the latter will 
be also included into the sphere of the future reconstruction. 
Colonization of the tropics will be attempted again largely for 
reasons of strategic security and economic exploitation of the 
legendary unlimited resources. This potential wealth of the 
tropics will be even of greater temptation to the starving world 
than in the early history of colonization. 

The readjustment to peacetime conditions and the develop- 
ment of new industries stimulated by the war-born discoveries, 
as well as the vast rehabilitation program, will require a flow 
of raw materials on an unprecendented scale. To supplement 
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our acutely depleted rubber market and to fulfill its growing 
demands will require not only the reopening of the jungle of 
Malaya, once the main source of rubber of the world, but to 
expand the rubber industry to other tropical regions as well. 
The same consideration applies to the ever-increasing demands 
of tin and oil also concentrated in the tropics. New medical 
problems will arise along with the increase and migration of 
tropical diseases. The recovery of malaria-stricken troops will 
depend on an adequate supply of quinine chiefly from the 
equatorial East Indies. Finally, the starving peoples of devas- 
tated Europe will turn their hungry eyes to the rich food basket 
of the tropics. 

“When the great valleys of the Amazon and Congo are occu- 
pied by a white population,” said General Wm. Gorgas, the 
great sanitarian and builder of the Panama Canal, “more food 
will be produced in these regions than in all the rest of the 
world.” This optimistic view was shared by other authorities 
who had been drawing attention to the huge resources of 
tropical regions and to the necessity of their development. In 
fact, many nations expected from the attractive wealth of the 
tropics the solution of their most vital economic problems. 
Very soon it became evident that the tropics with all their 
splendor and riches offer very little hospitality to the white 
man whose acclimatization to tropical conditions still remains 


to be solved. 


TROPICAL ACCLIMATIZATION 


Although acclimatization cannot be separated from medical 
problems dealing with tropical diseases, it greatly involves the 
direct physiological effect of warm climates on our body and 
mentality. Biologically speaking, the process can be defined 
as an adaptation of man, animals, and plants to a climate dif- 
ferent from that in which they are indigenous. As far as man 
is concerned this very complex process can be divided into two 
phases: the effect of the climate per se, and, the role of diseases 
peculiar to his new environment. Both factors are undoubtedly 
decisive in the success or failure of a white settlement in the 
tropics. We have to admit, however, that while owing to the 
striking advances in medicine and public health we can greatly 
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improve the living conditions and control the disease, we are 
almost helpless with regard to the effect of the climate per se. 

In discussing the climate we refer to average conditions pre- 
vailing in a particular zone or area over a long period of time, 
as functions of temperature, humidity, atmospheric pressure, 
wind and precipitation. These functions penetrate deeply into 
the basic phenomena of our body, reflecting not only on physi- 
cal and mental fitness but also on resistance to infection, as 
was long ago realized, and more recently emphasized by 
Wm. F. Peterson and C. A. Mills. We may certainly conclude 
that climate constitutes a fundamental environmental factor 
influencing human health (Mills, 1939; Peterson, 1934—37). 

For these reasons it is wise in evaluating the suitability of 
the tropical zone to the white race to give as great considera- 
tion to climatic factors as to purely medical problems. Un- 
fortunately, we are still far from any constructive ideas on 
this fundamental question. In fact, the diversity of opinions 
among leading authorities, to date, is just as wide as in the 
early scientific era of colonization. The contradictory state- 
ments apply first of all to the direct effect of the conditions 
which bring acclimatization. Some authorities believe that the 
changes induced in the newcomer to the tropics in due course 
disappear, and that after his organs become accustomed to the 
new requirements he returns to his original condition. In 
other words, he becomes acclimatized. A similar optimistic 
view is shared by the great leader of tropical medicine, Sir 
Patrick Manson, according to whom tropical climate per se 
has no deletorious effect on the white man provided proper 
sanitary and other measures are introduced. 

This theory, which is expressed largely by the school of 
sanitarians, is supported by the remarkable American success 
in the Canal Zone, once one of the most unhealthy regions of 
the world, but where now the sickness rate has been diminished 
to the lowest possible level. This classic example can be ampli- 
fied by other instances where large modern settlements in the 
tropics are shining examples of highly successful sanitary 
achievements. It is true, that the formerly uninhabitable areas 
of Singapore, Havana, Rio de Janeiro, or Freeport (West Af- 
rica) have been transformed into malaria and yellow fever- 
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free modern cities, but these results were achieved at almost 
prohibitive expenditure. The investment placed in costly sani- 
tary improvement undoubtedly pays dividends but the interior 
of the above areas remains practically unaffected by the meas- 
ures restricted to a “Sanitary Board Area.” 

Returning now to the effect of climate itself, other observers 
are of different opinion. Huntington (1925) refers to the Ba- 
hamas (Lt. 25° N.) which are subtropical and where malaria 
is very rare. The white settlers came partly from Great Britain 
representing the same stock as those who emigrated to Canada, 
but while the latter prospered, the former retrogressed, a large 
proportion of them degenerating into “poor whites.” Hunting- 
ton considers among the factors for this degeneration the 
monotonous diet, the ease with which the soil is cultivated, and 
several other causes, but concludes that the real reason is the 
enervating climate and the inertia resulting from the lack of 
stimulus. The fact that the Bahama Islands are not tropical, 
but subtropical, only adds weight to Huntington’s statement. 

Other observers consider that the Europeans (mostly British 
officials or businessmen) are unable to rear strong healthy 
children in India, and that even those who are sent home when 
five years old, owing to the devastating effect of tropical climate, 
are not as physically fit as their parents. Even an optimist 
like Castellani, who believes that the imperfect sanitation in 
the tropics is the main factor contributing to illness and death, 
considers that climate has a deletorious influence eventually 
leading to lassitude and indolence. 

Owing to the moist heat, physical and mental activity of 
man, being hampered by the difficulty of body-heat loss, is 
restricted to the most essential minimum. This in turn leads to 
“tropical complacency.” Under these circumstances, in order 
to avoid heat production, all body functions are lowered and 
life tends to assume a vegetative level. Observations in low 
lying regions of the tropics all point to the decrease in fertility 
of the white race in the second or third generation. The 
physique, particularly, of children deteriorates and is commonly 
observed in any section of the tropics at sea-level. 

A pertinent opinion is that of Sir Andrew Balfour, late 
Director of the London School of Tropical Medicine and 
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Hygiene, who spent many years in the true tropics and who 
certainly was one of the greatest experts of our time. In con- 
sidering the possibilities of permanent white settlements in the 
tropics, Balfour concluded: “So far as the race is concerned, I 
am persuaded that the hot and humid tropics are not suited 
to white colonization and never will be with our present know]- 
edge, even if they were rendered as free from disease as 
England.” 

By this emphatic and rather discouraging statement, Balfour 
made it clear that the white man living under proper sanitary 
conditions may well escape tropical diseases, but evidently he 
cannot escape the deteriorating factors of the climate. It may 
be presumed that these authorities went through all the hard- 
ships of the tropics which might have rendered them pessi- 
mistic. As far as Balfour is concerned (to whom I am 
greatly indebted for being my teacher), he was known for 
his exceptional activity and immense driving force while in 
the tropics and thereafter. In other words, to my knowledge, 
his long sojourn in tropical conditions did not have any personal 
effect. His own opinion as well as that of many other scien- 
tific experts is simply based on careful and impartial obser- 
vation. 

Maybe it should have been said well in advance that the 
subject of acclimatization discussed here and the conclusions 
reached apply chiefly to the warm, damp, and rainy climatic 
zones within the equatorial belt, for example: the Guianas, the 
Amazon and Congo basins and the low African West Coast, 
namely, the true tropics. This provision is essential be- 
cause of the prevalent misconception in which the tropical 
zones appear climatically uniform and equally bad. There are 
conspicuous differences within the same latitude due to various 
exposures of the respective areas to trade winds, to dry and wet 
monsoons and, finally, depending on altitude. 

It is obvious that the climatic conditions at an altitude of a 
few thousand feet are more agreeable and more favorable for 
health of a white settler than the oppressive “hot-house”’ of the 
lowlands. Although humidity is very much the same as at the 
sea-level, the temperatures, particularly at night, are definitely 
lower and refreshing in the highlands. In this respect hill 
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stations in the tropics, so beneficial for the exhausted white man 
of the lowlands, prove that the climate at a certain altitude 
even on the equator can be accepted as bearable. This applies, 
for instance, to the plateaus of the tropical Andes, the highlands 
of East Africa and Rhodesia or the highlands of India. 

The refreshing, invigorating effect of equatorial mountains 
was experienced personally during my residence in British 
Malaya, Sumatra, and West Africa as a most welcomed con- 
trast to the steaming hot lowlands. However, a prolonged resi- 
dence in tropical highlands may result unfavorably. Changes 
in the nervous system were observed among residents of Kenya, 
not necessarily in the first generation but in the second and 
subsequent generations. This can be attributed to the lack of 
seasonal variety and to the climatic monotony of a “perpetual 
Spring” of tropical mountains. 

Unfortunately, colonization of the tropics is not concerned 
with the selection of an exclusive area to be primarily a health 
resort. Economic factors, the development of the tropics to 
fulfill the ever-increasing demands for rubber, quinine and 
other vital products are and will be decisive in our attempts of 
colonization. It is, however, a most unfortunate and conflicting 
situation that the oppressive and steamy jungle of the tropical 
lowlands so injurious to the white settler is, economically speak- 
ing, the most attractive. It constitutes the wealth and rich- 
ness of the tropics. 

Among the various attempts of invasion of the tropics the 
experience in tropical Australia deserves earnest consideration. 
This occurred in Queensland (northeastern Australia) where 
it seems that white colonization has been successful. As re- 
ported by the Australian sanitary authorities, tropical Queens- 
land has no deleterious effect on the white working population 
whose fertility does not decrease. White Queenslanders are 
carrying on manual labor in sugar-cane industries showing no 
indication of any detrimental effects. This problem was dis- 
cussed at length at the Australasian Medical Congress in 1920, 
and the conclusion reached was that no insuperable obstacle 
exists in the way of permanent occupation of tropical Australia 
by a healthy indigenous white race. 
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A careful study of this problem was made recently by 
A. G. Price (1939) who stresses the apparent success of the 
white settlers in Northeastern Queensland: “Up to the present, 
with an adequate living standard supported by the whole Aus- 
tralian nation, the progress of this tropical penetration has 
been excellent. But past successes are no certain proof of 
further advances.” . . . At any rate, the encouraging reports 
from this region are the only bright spots in the rather gloomy 
picture of the conquest of the tropics. Attention should, there- 
fore, be given to these possibilities which should be expanded 
to other parts of Australia, particularly the Northwest. 


TRropIcAL DIsEASES 


The specific tropical diseases have always played a conspicu- 
ous if not decisive role in the colonization of the tropics. We 
are well equipped at present to cope with most of the sanitary 
situations although, even in the case of the most perfect sani- 
tation of a tropical area, we have always to be on the alert for 
the constant presence of insect vectors of disease. 

Many of the diseases are, strictly speaking, not confined to 
the tropics: Malaria, for instance, is widespread far beyond 
the tropical and subtropical limits. It exists in northern United 
States, Canada, and Northern Russia. The disease is concen- 
trated in the warm countries where the moist heat is most 
favorable for year around breeding of suitable mosquitoes 
which propagate malaria. Similar conditions apply to many 
other diseases which, transmitted by insects and parasites, are 
far more prevalent in the tropics than in temperate zones. 

Another cause of higher incidence of disease in the tropics 
is the general low level or lack of personal hygiene among the 
natives, their insanitary mode of life which renders the appli- 
cation of any sanitary measures more difficult than in civilized 
countries. It is true that in many instances the native com- 
munities, owing to a long, lasting contact with the infective 
agent, have developed a certain degree of immunity. Conse- 
quently, the native will suffer less from a local malaria than 
the newcomer, but this chronic or latent disease creates a 
permanent danger as a source of infection to mosquitoes which, 
in turn, will spread the disease among others. 
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With the exception of a few islands of the Pacific Ocean 
which, like Fiji and New Caledonia, are curiously enough 
free from malaria, millions of inhabitants of the tropical and 
subtropical zones suffer from this disease. It is undoubtedly 
the most destructive disease. Owing to its chronic course fre- 
quently extending over a period of years, it may assume in 
malarious communities the rank of a social disaster. While 
tropical lowlands, the ideal breeding places of malaria carry- 
ing mosquitoes, are the most affected, it has to be borne in 
mind that hilly regions in the tropics can be just as malarious, 
In fact, the worst malaria in tropical Asia prevails in settle- 
ments scattered over foot-hills where hill streams essential for 
irrigation breed the worst malaria carrying mosquitoes. 

It may be seen from this brief technical discussion that any 
attempt to settle white non-immune newcomers in most of the 
tropical regions carries a great risk of infection, which if not 
checked may frustrate all initiative. For these reasons a care- 
ful consideration should be given to all essential sanitary meas- 
ures, to protect the settlers from the danger of infection. In 
other words, preventive sanitation must precede colonization. 
This principle is the outcome of the successes and failures of 
our enterprises in the tropics. It is the basis for advance in 
tropical hygiene and medicine. 

The campaign against malaria, based on preventive sanita- 
tion preceding settlement, has accomplished remarkable results, 
which in many instances have decided the dramatic question 
“mosquito or man,” in man’s favor. This was the case in the 
most spectacular victories in the Canal Zone and in the Fed- 
erated Malay States. The most recent outstanding achievement 
was reached in the Jewish settlements in Palestine. Each of the 
above “monuments of victory” shows that men equipped with 
sound professional knowledge and initiative advised by com- 
pulsory authority and, of course, provided with the necessary 
funds, can transform the most insanitary areas into habitable 
and even prosperous communities. All sanitary campaigns are 
expensive. The anti-malaria campaign ranks first on the list 
of expenditures, particularly when anti-mosquito measures by 


the expensive drainage system are applied, as in the Malay 
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States and Palestine. Both countries enjoyed, at the time, a gen- 
erous financial support under exclusively favorable conditions, 
but this costly procedure cannot always be followed and ampli- 
fied at will. Malaria still remains the greatest obstacle in our 
attempts to colonize the tropics. Remarkable achievements in 
prevention of malaria have been reached in several highly 
malarious countries of the world where effective but immensely 
expensive sanitary measures could be afforded. 

Another mosquito-borne disease—yellow fever—is strictly 
confined to tropical conditions. Formerly widely prevalent 
along the shores of West Africa, South and Central America, 
yellow fever has now been practically eradicated from the 
urban centers of the above regions. It has been, however, re- 
cently discovered in the jungle of the Brazilian interior, where 
this “jungle yellow fever” constitutes a permanent danger of 
infection even to far distant urban communities. We are for- 
tunate now in having a prophylactic effective vaccine against 
yellow fever, which weapon greatly diminishes the seriousness 
of the problem. 

Diseases common all over the tropics which now appear as 
a serious menace to our troops are bacillary and amebic 
dysenteries. These infectious diseases are also prevalent in 
the temperate zone where they often occur in mild form. Sur- 
veys show as high as 10 per cent incidence of amebiasis in 
California, but without the severe symptoms found in the 
tropics. Many diseases increase in severity as one approaches 
the tropics. Others, like acute rheumatic fever, scarlet fever 
and diphtheria may decrease. 

The dysenteries are next in importance to malaria and cause 
a high death-rate. They can be controlled by measures of per- 
sonal hygiene, safe and properly maintained water supply and 
adequate sewage disposal. It is obvious that these elementary 
sanitary procedures apply to all other water- and food-borne 
infections. 

Strict personal hygiene is also of great importance in the 
prevention of hookworm infestations which are wide-spread 
in the tropics and subtropics among the natives. The chronic 
course of this infestation and its lasting effects can debilitate 
whole communities and effect heavy economic losses. 
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The above enumerated medical and sanitary problems are 
just a few samples of a long list which may differ according 
to the geographic region or topographic area selected for 
colonization. As a whole, in following the steady progress made 
in the conquest of tropical diseases we can anticipate that, 
although from the strictly medical standpoint tropical diseases 
are still a serious handicap to white settlers, our tenacity of 
purpose, together with advances in medicine, shall be able to 
overcome this obstacle. If sufficient funds are available, life 
under tropical conditions may be, from the medical standpoint, 
rendered as safe as in the temperate zone. 

While the medical phase of the problem seems rather en- 
couraging, the other side of the picture, that of physiological 
and psychological adjustments, is much more complex and 
looks rather gloomy. Reference has already been made to 
the deletorious effect of the tropical climate on the physical 
fitness and mentality of the white man. The response of the 
nervous system is, in this regard, perhaps even of greater im- 
portance than a physical disease. Asthenic persons of weak con- 
stitution and with nervous lability are particularly apt to suffer 
from the climatic monotony of heat and humidity and develope 
a condition of neurasthenia which is probably the most wide- 
spread “tropical disease’ among the whites. This condition 
manifests itself in an excessive irritability with alternate 
periods of depression. Eventually, such persons become miser- 
able wrecks and, unless transferred to temperate conditions, 
will be overcome by their enemy, the climate. For these rea- 
sons great care has been taken by the respective governments 
or organizations in selecting candidates for the various branches 
of colonial service. Apart from physical fitness and age, both 
of a standard almost equal to that of military recruiting regu- 
lations, a balanced and resistant nervous system is required 
from the prospective pioneer ready to join the campaign against 
the climate. Despite this artificial and careful selection many 
young men are unable to stand the baptism of fire and have 
to withdraw from the battle at the end of the first six 
months. This period of time is usually decisive as to whether 
an adjustment may be made by the white man. Consequently, 
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the biological rule of natural selection and of the survival of 
the fittest is particularly valid for the tropics. This applies to 
the whites as well as to the natives. While the high death-rate 
among natives, particularly their high infant mortality, is due 
to disease, most of the victims among whites succumb to the 
uncheckable and adverse climate. 

Conclusions. An attempt has been made to analyze the medi- 
cal and climatic aspects of a possible permanent white settle- 
ment in the true tropics. On the basis of our modern knowledge 
and observations it seems that, with the possible exception of 
tropical Australia, there is so far no evidence of a successful 
existence of the white race in the tropics from generation to 
generation. 

While in the majority of situations we can either prevent 
the diseases peculiar to the tropics, or reduce their incidence 
or even eliminate them, the effect of physiological disturbances 
makes acclimatization in its full sense impossible. It is, there- 
fore, hard to expect that the future large scale development of 


the tropics could be combined with an actual expansion of liv- 
ing space for the white race. This refers particularly to those 
who, weakened physically and mentally by the horrors of the 
war, would certainly constitute the poorest human material for 
any enterprise in the tropics with the risk of another failure. 


On the other hand, by careful and scientific selection of 
suitable and scarcely populated areas such as the immense 
regions of Northwest and Northeast of Australia a voluntary 
settlement of certain European groups could be initiated. Should 
this question arise within the reconstruction scheme of the 
United Nations and the plan assume large proportions, it would 
then seem most logical for the future United Nations Health 
Service to take over the leadership and share the responsibility 
for all health problems concerned. 

The development of the tropics to the benefit of a Free World 
may be carried out by selected teams enriched by the unique 
experience gained in this tropical war and equipped with the 
newest weapons of Medicine and Public Health for which 
such a heavy price is being paid. 
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STUDIES OF THE PROPERTIES OF THE A-V NODE* 


III. Nopat Recovery 1n A CasE SHow1nc Nopau Escape 
Beats AND WENCKEBACH PERIODS 


ARTHUR RUSKIN AND GEORGE DECHERD 


Although various grades of A-V block are frequently seen 
in clinical practice, the exact nature of those changes in the 
A-V conduction system which leads to defective conduction 
remains obscure. Response to a stimulus leaves these tissues, 
in common with other muscle cells, absolutely refractory to 
subsequent stimulation, of any strength, for a definite period 
of time. Following the absolute refractory period there is a 
period of recovery of conductivity, during which impulses are 
conducted, though more slowly than when recovery is complete. 
It is well known that a stimulus falling early in the recovery 
period is slowly conducted; this is not infrequently seen in 
the electrocardiograms of patients who have ventricular pre- 
mature beats, and is manifested by prolongation of the P-R 
interval following the premature beat. 

The recovery curve of the human A-V node has been quan- 
titatively studied in very few instances. Ashman and Herr- 
mann (1926) drew the curve of recovery in one patient who 
showed a supernormal phase in conduction, and Zeisler (1931) 
tabulated the data from one patient who had frequent ventricu- 
lar premature beats. We (1943) studied a third patient exten- 
sively, and observed the influence of various drugs on the 
recovery curve. More frequent observations have not been 
made on this property of the human A-V nodal tissues be- 
cause of the rare occurrence of electrocardiograms from which 
widely variable periods of recovery can be charted. In addi- 
tion, it does not seem adequately appreciated that the P-R 
interval depends on the state of recovery of conductivity of 
the conduction tissues; clinically recognized factors, such as 
organic disease of the A-V node and bundle of His, and the 
action at this site of nervous influences and of drugs, probably 


_*From the Cardiovascular Service of the Department of Medicine, The 
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affect conduction only in so far as they influence refractoriness 
and recovery of the specialized muscle cells. 


The data recorded below were obtained from a patient in whom the 
occurrence of nodal escape beats gave a sufficient variety of R-P intervals 
to allow the construction of a complete recovery curve. This patient wag 


a white man, aged 58 years, who entered John Sealy Hospital first on 7 
January 26, 1943 (Unit History No. 79775). At that time his symptoms © 


were headache. vertigo, nocturia. and dyspnea on exertion. The blood 
pressure was 210/110; the heart was greatly enlarged to the left; and there 
was moderate edema of the lower extremities. Examination of the blood 
showed 2.96 million red blood cells per cu. mm.; 9.5 gm. hemoglobin per 
100 cc.; and 100 mgms. of non-protein nitrogen per 100 cc. The maximal ~ 
urinary specific gravity was 1.015. and the urine contained variable 
amounts of protein. The electrocardiogram was characteristic of left ven- ” 
tricular strain. Increase of the fluid intake and output caused a drop in 
the N.P.N. to 37 mgm.%. accompanied by symptomatic improvement. He 
re-entered the hospital on May 3. 1943. complaining chiefly of nausea and 
vomiting. The N.P.N. had risen to 60° mgm.%. and there were evidences 
of congestive heart failure. The venous pressure was 19.8 cm. of saline. 
The blood pressure was 185/120; bilateral papilledema was present; the 


spinal fluid pressure was 37 cm. Digitalization was begun on May 4 © 


with a dosage of 0.1 gm. of the powdered leaf three times daily; on May 11 
the dose was reduced to 0.1 gm. daily. On May 4 the P-R interval was 


0.18 sec.; on May 10 it was 0.22 sec.; on May 12 partial heart block was 


present. varying from 2:1 to 3:2 of the Wenckebach type. Digitalis was 
omitted for two days; on May 13 1:1 conduction was present with the 
P-R interval 0.25 sec.. and on May 19 the A-V conduction time was 
0.24 sec. 

The last hospital admission was on September 7. 1943. with dyspnea, 
nausea. vomiting and diarrhea. nocturia. chest pain. and extreme weakness. 
There were 2.93 million red cells per cu. mm.; N.P.N. was 60 mgm.%. 
Urine concentration was 1.012. and all specimens contained protein. The 
venous pressure was 25 cm. of saline. Digitalis was continued, and glucose 
solution was given intravenously. In spite of this, nitrogen retention was 
progressive, the N.P.N. reaching 120 mgm.% shortly before death om 
October 8, 1943. On September 8 the electrocardiogram showed frequent 
auricular premature beats. On September 14 the curves illustrated im 
Fig. 1 were obtained. On September 15 there was a paroxysmal auricular 
tachycardia, auricular rate 167 per minute, with 2:1 A-V block. Later 
curves showed prolongation of the P-R interval. At necropsy the heart 
weighed 1010 gm.; a fibrinous pericarditis was present. The kidneys were 
small and granular, and microscopically showed arteriolar sclerosis. The 
lungs were edematous. Death was considered to be due to uremia. 


The electrocardiogram recorded at September 14, 1943, shows 
the auricular rate to be approximately 94/min. The funda- 
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Fig. 1. Continuous strips of Leads I, II, III, and C The measurements derived from 
these curves are in Table I. 
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mental rhythm would probably be a 2:1 A-V block were it not 
for the fact that frequent escape beats, originating in the A-V 
junctional tissues, complicate the rhythm. These escapes occur 
1.08—1.20 sec. after a preceding ventricular beat; their presence 
so disturbs the regular mechanism that auricular complexes 
may be found following QRS complexes (R-P intervals) at 
times varying from 0.09-1.13 sec. Part of the records are 
reproduced in Fig. 1. All the measurements obtained are found 
in Table I, and are graphically represented in Fig. 2. 

Fig. 2 reveals that, with certain exceptions to be discussed 
later, the absolute refractory period was 0.50-.51 sec. At RP 
intervals above this value, A-V conduction took place, slowly 
at first (e.g., PR = 0.55 sec. at RP of 0.52 sec.), and then more 
rapidly with longer RP times. Full recovery was accomplished 
at an RP of about 0.94 sec. At RP 0.96 sec. were found two 
unusually short PR intervals, 0.13 and 0.14 sec.; these may 
represent the supernormal phase of conductivity, falling as they 
do just at the end of the relative refractory period. However, 
the variability of the PR intervals in this portion of the curve 
makes this interpretation uncertain. 

When the RP interval exceeded 1.06 sec. the P waves were 
not conducted to the ventricles; they were blocked by inter- 
ference from the escape beats of nodal origin. 

Strikingly divergent from the otherwise smooth recovery 
curve are those points representing A-V conduction at RP = 
0.39-.46 sec., i.e., during the absolute refractory period. These 
points represent the second cycle of the four 3:2 Wenckebach 
periods which occurred on the tracing. If 0.26 sec. were added 
to each of these RP intervals, the four points would occupy an 
otherwise vacant portion of the recovery curve. These four 
points appear to represent a uniform, transient diminution in 
refractoriness; the points immediately preceding and following 
them lie on the curve. They are of interest in connection with 
the early hypotheses concerning the mechanism of the Wencke- 
bach type of A-V block. 

Discussion. Wenckebach (1927) attempted no explanation 
of the type of A-V block that he had himself described (Type I), 
apparently accepting as adequate the idea of a periodic depres- 
sion of excitability, advanced by Hay (1906) to explain the 
Type II block of Mobitz. Campbell (1943) has more recently 
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_ The measurements derived from the electrocardiograms shown in Fig. 1. The P-R 
intervals enclosed in parentheses are not conducted to the ventricles, these auricular im- 
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accepted the same explanation, in lieu of a better one. Roth- 
berger (1931) explained the Wenckebach type of block by 
assuming a cyclic change in the absolute refractory period. 
Samoiloff (1929) attempted to explain the partial heart block 
that he obtained experimentally, on the assumption that a 
stimulus falling early in the relative refractory period was 
conducted slowly, and that the slow conduction in itself pro- 
longed the subsequent absolute refractory period. None of 
these authors offered any proof of their hypotheses. 

Our own unpublished data, obtained from clinical instances 
of the Wenckebach type of partial A-V block, indicate that 
change of the absolute refractory period from moment to mo- 
ment probably does not account for most instances of this 
phenomenon. Our previous studies of nodal refractoriness indi- 
cated that drugs and nervous influences readily affected this 
property of the junctional tissues, but that the changes were 
gradual, and not cyclic or momentary. Although we expect to 
show, in a subsequent paper, that shifts in the length of the 
period of absolute refractoriness are not usually present in the 
Wenckebach type of block, the present case does offer a clearly 
proven example of such a mechanism—the exception, we be- 
lieve, rather than the rule. 

The effects of premature contractions on the subsequent 
A-V conduction time, well-known clinically, have also been 
studied experimentally by de Boer (1915). They may be 
explained readily on the grounds that there is a shortened 
period of recovery in the junctional tissues following the extra- 
beat, and that the succeeding supra-ventricular impulse falls 
early in the period of nodal recovery, at a time when conduc- 
tion takes place, but at a slower rate. 

Summary. In the case presented, the frequent occurrence 
of nodal escape beats causes such a variety of ventriculo- 


auricular (RP) intervals that a complete recovery curve of 
conductivity may be graphed for the A-V junctional tissues. 
Momentary or cyclic changes in refractoriness have been postu- 
lated as the explanation of the Wenckebach type of partial 
A-V block, and, although we believe this to be a rare mechan- 
ism, the data afford clear proof that such changes may some- 
times cause Wenckebach periods. 
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THE ELECTROENCEPHALOGRAM IN PATIENTS 
WITH HEART DISEASE 


Jack R. Ewatt AND ArtTHUR RusKIN* 


“When a man’s liver is sick, it is not his liver alone 
but the entire body that is sick.”—Lin Yutang. 


Physicians frequently observe signs of transitory cerebral 
disturbance in patients with cardiac disease. These disturb- 
ances are manifested by dizziness, fainting spells, short periods 
of mental confusion, convulsions, headaches, delirium, or coma. 
During adaptation to the cardiac mishaps these symptoms 
may disappear or they may become worse with the progress 
of the heart disease. These evidences of cerebral malfunction 
associated with cardiac failure prompted the present study. 

Sixty-five electroencephalograph tracings were made on a 
series of fifty-one patients under the care of the cardiologist 
for various types of heart disease. Twenty-five of these pa- 
tients were under treatment for congestive heart failure. In 
those cases in which the clinical status improved the tracings 
were repeated after the heart became compensated. The re- 
maining group of twenty-six cases with definite cardiac dis- 
ease but without clinical signs of congestive failure were also 
studied electroencephalographically. The electroencephalo- 
graph tracings were taken for thirty minutes in each case and 
the electrocardiograph studies and the clinical observations 
were made both before and after the electroencephalograph 
tracings in all cases, the patients being under close observa- 
tion by the cardiologists at the time of the study. The cardiac 
status was evaluated as to organic background and the degree 
of failure according to the American Heart Association classi- 


fication; that is, from class I, showing no symptoms or signs 
of failure, to class IV, or those evidencing them at rest. All 
patients with clinical signs of organic cortical disease or with 
a history of “strokes,” convulsions, severe head trauma, or 


*From the Departments of Neuro-Psychiatry and Medicine of The Uni 
versity of Texas School of Medicine and John Sealy Hospital, Galveston, 
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prolonged confused mental states were excluded from the 
study. The patients varied in age from 18 to 81 years and 
the organic basis of the heart failure included all the com- 
moner etiological types. (See Table I.) 

Results. 1. The twenty-five patients in congestive heart 
failure, irrespective of etiological factors, showed, with one 
exception, abnormal electroencephalograph tracings. The trac- 
ings presented paroxysmal bursts of slow waves, the predom- 
inant frequencies being 3 and 4 per second. (See Table II 
and Figs. 1, 2, and 3.) The one exception had a grade II 
failure, but the four other patients in grade II failure and all 
patients in grades III and IV failure had abnormally slow 
waves in the electroencephalograph. In several cases repeated 
electroencephalograph tracings in the same patients, who re- 
mained in the same failure class for months, showed consist- 
ently similar abnormalities. In other cases electroencephalo- 
graph tracings were made with the patient in varying de- 
grees of failure. In these cases the severity of the cardiac 
involvement was reflected in the electroencephalograph. In 
one case, whose heart became compensated (class I) within 
two months, electroencephalograph tracings taken at that time 
were still abnormal, but were normal five months later. See 
Fig. IV.) 

2. Of the twenty-six patients with organic heart disease 
but no signs of congestive failure ten had abnormal electro- 
encephalograph tracings and sixteen normal ones. (See Table 
III.) In some instances the abnormality was manifested by 
an intolerance to hyperventilation. (See Fig. V.) Two of the 
ten with abnormal tracings developed signs of congestive fail- 
ure within four weeks after the recording of the electroen- 
cephalograph; one other had been in failure a year and a half 
earlier and has died since. These three patients all had mark- 
edly enlarged hearts. This is in contrast to the sixteen patients 
with normal electroencephalograph tracings, twelve of whom 
had slightly enlarged hearts and four moderately enlarged 
ones. (See Table III.) 

It will be noted (see Table III) that six of the ten cases 
with abnormal electroencephalograph tracings and no conges- 
tive heart failure were suffering from syphilis. Only one of 
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these had neurosyphilis and this was in the asymptomatic 
form. No correlation could be made between the electroen- 
cephalograph patterns and the medications the patients re- 
ceived. These drugs included digitalis, barbiturates in small 
dosage in a few patients, morphine in small doses, ammonium 
chloride and the xanthine derivatives. There was also no 
obvious correlation between the electroencephalograph abnor- 
mality and the degree of hypertension. 

Discussion. The literature on electroencephalography con- 
tains many reports of the effect on the electroencephalograph 
of alterations in body physiology by various experimental de- 
vices. These have been well summarized (1 and 2) and will not 
be repeated here. What factor or combination of factors asso- 
ciated with impaired efficiency of the circulatory system pro- 
duces the changes observed in this study, cannot be determined 
with certainty. 

Patients with failing hearts show evidence of tissue anoxia 
of varying degree. It has been repeatedly demonstrated that 
lowering of blood oxygen tension produces a slowing in the 
cortical rhythms (2, 3, and 4). Fazekas and Hoagland (4) 
mention that irregular 3-6 per second potentials may be 
associated with a hypersensitive carotid sinus reflex in cases 
of coronary disease and resulting in acute anoxia. In a case 
of tetralogy of Fallot with tachycardia slow irregular waves 
were present. This is the only case of heart disease re- 
ported in this connection in the literature. They further men- 
tion large slow waves in patients with chronic cerebral anoxia 
secondary to chronic asthma, bronchitis, and emphysema with 
“pulmonary decompensation.” Himwich and associates (5) 
have shown that ‘“‘alpha’” waves leave and “delta” waves in- 
crease as the oxygen uptake falls from 9 volume per cent 
to 2.8 volume per cent. Thus a decreased oxygen consump- 
tion and corresponding low cerebral glucose utilization is cor- 
related with a falling alpha pattern. Hoagland and co-work- 
ers’ (6) have shown that, other things being equal, the fre- 
quency of brain potentials depends on the rate of respiration 
of the cells producing the rhythm and that the frequency of 
cortical potentials is a relative measure of cortical respiration. 
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Individuals with advanced heart disease present slowed cir- 
culation and peripheral stasis. The literature contains numer- 
ous references to the influence of cerebral circulation on the 
cortical potentials. Harris and Pacella (7) have stated that 
“doses of acetyl-choline chloride which did not produce ap- 
preciable effects on the circulation were also without effect 
on the electroencephalograph in the cases studied,” and that 
“pronounced changes in the electroencephalograph occurred 
only with complete cardiac arrest.” Hoffman and associates 
(8) observed 5-7 per second potentials in persons with de- 
creased circulation and metabolic changes due to Addison’s 
disease. Lennox and Gibbs (9) have shown a preliminary 
speeding up followed by a slowing of the cortical rhythm in 
decreased blood flow due to carotid sinus syncope or ortho- 
static hypotension. In their report the slowing of the rhythm 
was associated with unconsciousness. 

Variations in cerebral vascular carbon dioxide content also 
change the cortical potentials (2). Acidosis, which may occur 
in extreme congestive failure, plays a doubtful role, in chang- 
ing the cerebral rhythms (10), unless blood carbon dioxide is 
markedly lowered (2). Pulmonary congestion in cardiac fail- 
ure may at times lead to marked dyspnea. Whether the re- 
sulting hyperventilation is of any moment in producing some 
of the cerebral symptoms encountered in such cases is debat- 
able. In any case hyperventilation was present in too few 
cases and in too mild a degree in our series to be considered 
a factor in the electroencephalograph abnormalities. 

A third factor present in patients with severe heart dis- 
ease, especially so in individuals with congestive failure, is 
the accumulation of fluid in the tissues. How much cerebral 
edema is present in these patients is uncertain but it should 
be considered as a possible factor in the explanation of the 
abnormal cortical poientials in these patients. Berger, in 1931, 
reported slow waves in some patients with increased intra- 
cranial pressure. Stewart (11) has published an excellent sur- 
vey of the literature on this phase of the subject and con- 
cluded that the changes in cortical rhythm associated with in- 
creased intracranial pressure were due to cerebral edema and 
resulting tension of the white nerve fibers. Williams (12) 
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reached the same conclusion and showed that the intracranial 
pressure increases necessary of themselves to produce changes 
in the electroencephalograph were far greater than those en- 
countered in clinical experience. Of interest in this connec- 
tion is the recent finding of abnormal electroencephalograms 
in the majority of cases of eclampsia (12). 

Table III shows that the majority of cases studied in this 
series had cardiac involvement due to syphilis, hypertension 
or arteriosclerosis. The high incidence of these conditions in 
this series is typical of the patients in our cardiac clinic, and 
is due to the low incidence of rheumatic infections in this 
section of the country. All of these conditions can and often 
do bring about structural changes in the cerebral cortex. That 
such changes alter the cortical potentials is so well known 
that it requires no elaboration at this time. We have at- 
tempted to weed out all cases showing clinical evidence of 
brain involvement, but the possibility that subclinical changes 
exist cannot be ruled out. This is especially true in the case 
of asymptomatic neurosyphilis mentioned in the results. That 
this is not the important factor in the explanation of these 
findings is indicated by several facts. The distribution of cases 
with normal and abnormal electroencephalographs between 
the various pathologic groups is fairly uniform. The common 
factor in all cases is the severity of heart involvement. Of the 
four cases of rheumatic heart disease included in the study, three 
had abnormal and one a normal electroencephalograph. Fur- 
thermore, necropsies in three of our cases of congestive failure 
revealed, in the brain, only varying degrees of edema. Finally 
in all patients with abnormal electroencephalographs the ab- 
normal potentials occurred paroxysmally, indicating, but not 
proving, cortical dysfunction rather than permanent struc- 
tural change. 

Conclusions. 1. The findings of this study necessitate at- 
tention to the status of the cardiac function in all patients 
subjected to electroencephalograph investigation. 

2. They offer a possible explanation for the signs of cere- 
bral dysfunction occasionally seen during congestive heart fail- 
ure, coronary thrombosis, and Adams-Stokes’ attacks due to 
marked cardiac slowing or acceleration. 
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3. The paroxysmal nature of the cortical disturbance sug- 
gests re-investigation of the oxygen metabolism and the cir- 
culatory efficiency in patients with convulsive disorders. 


Summary. 1. In twenty-five patients with congestive heart 
failure, twenty-four had bursts of slow waves in the electro- 
encephalograph. 

2. In twenty-six patients with severe heart disease and 
no clinical signs of congestive failure, ten had bursts of slow 
waves in the electroencephalograph. 

3. Two of the patients with abnormal electroencephalograph 
tracings and no apparent congestive failure, developed conges- 
tive failure within four weeks after the recording. 
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but made after three minutes of hyperventilation, 


2 is a section of the same recording (as F,) 
s ° 


Electroencephalogram 


Tasce I. 


Type of Heart Disease and E.E.G. Status. 





XX 
XXXXXXXO 


Arteriosclerosis 





00 . 
Hypertension 00000000 | XXXX000 


: 3 








Rheumatic 
00000X 


Syphilis 


Traumatic A-V aneurism (fermoral ) 








Postpartum 








Normal Abnormal 








(X) = One patient in congestive heart failure. 
(0) = One patient without congestive heart failure. 


Tasce II. 
Degree of Heart Failure and Frequency of E.E.G. 


(Where bursts of waves of 8 per second or less were seen, this 
figure is recorded.) 





000 =, 0000 0000 0 000 0000 0 





x |xo— 

XXX XXX_ 
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XXX XX 


15-20/.10-15/, 10, 9/ 
sec. | sec. | sec. | sec. 





(X) = One patient in congestive heart failure. 
(0) = One patient without congestive heart failure. 
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Taste III. 


Degree of Heart Failure and E.E.G. Status. 
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(X) = One patient in congestive heart failure. 
(0) =One patient without congestive heart failure. 





THE CONTENT AND STABILITY OF ASCORBIC ACID 
IN ORANGE JUICE UNDER HOME CONDITIONS 


VERN RoOHRER AND C. R. TREADWELL* 


The stability of ascorbic acid in fresh orange juice has been 
debated for a decade. Joslyn, Marsh, and Morgan (1934) 
reported that the storage of orange juice exposed to air at 
room temperature causes a loss of vitamin C and a decrease 
in the iodine and indophenol reducing power. Sah, Ma, and 
Hoo (1934) stated that juices from five varieties of Chinese 
oranges which were stored at 10° C. for two months lost prac- 
tically all their vitamin C content with the exception of one 
variety. Tauber (1936) concluded that there is only a slight 
decrease in the vitamin C content of orange juice kept for five 
hours at 38° C. compared with samples kept for five hours 
at 6° C. Daniel, Kennedy, and Munsell (1936) found slight 
loss in the Vitamin C potency of orange juice which had 
stood for six hours in the refrigerator. Bagnolesi (1937) stated 
that 50 per cent of the ascorbic acid in orange juice is de- 
stroyed after 38 days at room temperature, and Kucerova 
(1937) reported that the titer of ascorbic acid in orange juice 
fell to one half its original value in five hours and that only 
a trace of the ascorbic acid remained after 24 hours. Mon- 
talti and Maffione (1939) claimed that ascorbic acid dimin- 
ishes progressively with time in oranges kept at the room tem- 
perature and protected from light, and that the decrease is 
more rapid in expressed juice kept under the same conditions. 
They recommended that orange juice be consumed as soon 
as possible to obtain the maximum vitamin C value. Bailey 
(1939) found that there is little loss of ascorbic acid in fresh 
and diluted orange juice after storage for a day at room tem- 
perature. On the other hand, Montalti and Maffione (1939) 
stated that the amount of vitamin C decreases rapidly after 
expression of the juice. McElroy, Munsell, and Stienbarger 
(1939) found that ascorbic acid in fresh orange juice, when 


ee 


*From the Department of Biochemistry, Southwestern Medical College, 
Dallas. Received for publication March 18, 1944. 
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placed in glass jars with loosely-fitting lids and stored in the 
refrigerator (40-50° F.), decreases about 1 mg. per 100 ml, 
of juice each 24 hours for four days. Experiments described 
by Ingalls (1939) suggest that the effect of usual home pro- 
cedures can be ignored, although storage for more than two 
days, even in the ice box, has a progressively destructive effect 
on the vitamin. 

All seem to agree that there is some decrease in the ascorbic 
acid content of orange juice under various conditions. How- 
ever, there is no agreement as to the rate at which this 
decrease takes place. In view of the conflicting reports on the 
stability of ascorbic acid in orange juice, further investiga- 
tion appeared justifiable. It was also the purpose of this 
study to determine the effect of various kitchen procedures 
on the ascorbic acid content of fresh orange juice. 


PROCEDURE 


The ascorbic acid determinations were made according to 
the method recommended by Harris and Olliver (1942) using 
2-6-dichlorphenolindophenol. The oranges were purchased at 
various retail grocery stores in Dallas, Texas, during January 
and February, 1944. Determinations were made on individual 
oranges. Each orange was weighed and the juice extracted 
using a hand reamer. The juice was strained through a fine 
meshed wire strainer into a graduated cylinder and the vol- 
ume recorded. In each instance, a determination was carried 
out immediately on the fresh juice; and the remainder of 
the juice was transferred to a 125 cc. flask, stoppered, and 
placed in the refrigerator at 40° F. Estimations were made 
by transferring 10 cc. of the strained juice and 10 cc. of 10 
per cent metaphosphoric acid to a centrifuge tube, and cen- 
trifuging. The supernatant fluid was then thrice titrated 
against the dye. 


EXPERIMENTS AND RESULTS 


Different methods may be used for extracting orange juice. 
As shown in Table I, there is no significant difference in the 
ascorbic acid content whether the juice is squeezed out by 
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hand or by machine, averaging 0.62 mg. per cc. There is 
progressive loss on refrigeration, averaging about 20% in 72 


hours. 

Since orange juice is sometimes diluted with tap water in 
preparation for infant feeding, a study was made of the sta- 
bility of ascorbic acid under this condition (Table II). A 
portion of the strained juice from each orange was diluted 
by one third with tap water and the remainder used as a 
control. Ascorbic acid determinations were made immediately 
on the strained juice and all samples placed in the refriger- 
ator for 24 hours. A reduction in the ascorbic acid content 
of 3.3 per cent in the undiluted and 4.9 per cent in the diluted 
juice indicates that dilution with tap water, to this extent, 
does not hasten the destruction of ascorbic acid. 

The stability of ascorbic acid in unstrained orange juice 
was studied because, in some instances, the extracted juice is 
refrigerated before straining (Table II). Half of the juice 
from each orange was not strained; the other half was 
strained, and both were stored in the refrigerator (40° F.) 
for 24 hours. The average decrease in the ascorbic acid con- 
tent in the strained juice was 2.5 per cent, while no decrease 
was found in the unstrained juice. The observed difference 
is within the experimental error and it may be concluded 
that the stability of the vitamin is the same in both prepa- 
rations. 

The effect of three different temperatures on the stability 
of ascorbic acid in orange juice was also determined (Table 
II). The juice from each orange was divided into two por- 
tions. One portion was stored in the refrigerator (40° F.) for 
24 hours, the second at room temperature (80° F.) for 24 
hours, and the third maintained at 100° F. for 10 minutes, 
and the ascorbic acid content determined. Storage of orange 
juice at room temperature did not significantly hasten the 
diminution of ascorbic acid in comparison with refrigerated 
juice as is illustrated by the decreases of 9.4 per cent and 
4.7 per cent, respectively, in 24 hours. Maintaining the juice 
at 100° F. for 10 minutes had no effect on the ascorbic acid 
content. 
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A study of the effect of storing orange juice in an open 
container on the stability of ascorbic acid was made (Table 
II). The orange juice was poured into a beaker and left un- 
covered in the refrigerator (40° F.) for 24 hours. An aver- 
age reduction of 2.8 per cent in the ascorbic acid content 
compares favorably with the previous studies (Experiments 
I, II, III, and IV) using closed containers, indicating that 
this method does not hasten destruction of ascorbic acid. 

Occasionally, the housewife has an excess half an orange 
and stores it in the refrigerator. In view of this, a study was 
made to estimate loss of ascorbic acid in this procedure (Table 
II). Oranges were cut in half and the ascorbic acid content 
estimated immediately on juice from one half. The other half 
was placed in the refrigerator (40° F.) with the cut surface 
exposed to air; after 24 hours the ascorbic acid content was 
determined. The difference of 3.3 per cent in the ascorbic 
acid content of the two portions indicates that the loss by 
this procedure is of the same order as that which occurs when 
the juice is stored. 

Table III includes additional data concerning the six sam- 
ples used in the experiments described above, and on six 
samples in which only the ascorbic acid content was deter- 
mined. The individual values are averages for the number 
of oranges in column 2. Averages are given for the valencia 
and navel type samples and a general average for the twelve 
samples. 

The difference of 0.05 mg. between the ascorbic acid con- 
tents per cubic centimeter for the two types of oranges is not 
significant as judged by the “t” test of Fisher (1938). The 
limited variation of values in the group of twelve samples 
indicates that regardless of the size or type of orange pur- 
chased, the amount of ascorbic acid, per unit volume, will be 
approximately the same. 

The quantity of ascorbic acid per 60 cc. of juice, which is 
the volume usually recommended for infant feeding, is given 
in column 9. The results suggest that it may safely be as 
sumed that 60 cc. (2 ounces) of orange juice daily will sup- 
ply the 30 mg. of ascorbic acid per day recommended by the 
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Committee on Foods and Nutrition of the National Research 
Council (1943). 

The percentage decreases in ascorbic acid during 24 hours 
storage in the refrigerator (40° F.) is recorded in column 10. 
The average for six samples was 3.9 per cent which for all 
practical purposes is insignificant. 


Columns 9 and 10 give the cost of ascorbic acid per 30 and 
75 mg. which are the recommended daily requirements for 
the infant and adult, respectively. The cost for 30 mg. varies 
from 1.4 to 4.6 cents. Inasmuch as the ascorbic acid content 
per cubic centimeter of juice was faily uniform in all the 
samples, the variation in cost is due to the difference in the 
original prices of the oranges. With oranges at the prices given 
in the table, and as the sole source of ascorbic acid, the aver- 
age cost of supplying the infant and adult with their daily 
requirements would be in the neighborhood of 3 to 7 cents, 
respectively. 


CoNCLUSIONS 


1. The method of squeezing or extracting orange juice and 
storage in the refrigerator either in an open or in a closed 
container, has no significant effect on the ascorbic acid con- 
tent of strained or unstrained juice over a 24-hour period. 

2. Dilution of the orange juice one-third with tap water 
before refrigeration does not hasten the destruction of ascorbic 
acid. 

3. There is little effect on the ascorbic acid content of 
orange juice when stored at room temperature for 24 hours, and 
no effect when maintained at 100° F. for ten minutes. 

4. The cut half of an orange may be stored in the refrig- 
erator until the following day without serious loss of ascorbic 
acid, 

5. An intake of two and five ounces of fresh orange juice 
per day in infant and adult, respectively, will supply recom- 
mended daily amounts of vitamin C; i.e., 30 and 75 mg., 
respectively. 
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Tasce I 


The Effect of Method of Squeezing Oranges on the Ascorbic Acid Content of the Juice 
and the Stability of Ascorbic Acid at 40° F. 
The figures in parentheses indicate the range of variation for the individual oranges. 
Experiment 1; Sample 1. 





ASCORBIC ACID PER CC. 
Duration of Storage DECREASE 





No. of 0 hr. 24 hr. 48 hr. 72 hr. 24 hr. 48 hr. 72 hr. 
Oranges mg. mg. mg. mg. Per Cent Per Cent Per Cent 


6 0.63 0.60 0.56 0.51 4.8 11.1 
(0.6-0.7) (0.5-0.7) (0.5-0.6) (0.5-0.6) 
6 0.61 56 0.55 0.51 3.3 
(0.5-0.7) 5-0. (0.5-0.6) (0.40.6) 
0.61 y 0.54 0.48 4.9 
(0.5-0.7) (0.5-0.7) (040.7) (0.40.6) 


0.62 0.59 0.55 0.50 4.3 








Tas_e II 


The Effect of Various Kitchen Procedures* on the Stability of 
Ascorbic Acid in Orange Juice 





Ascorbic Acid Per CC. 





Expt. Sample No. 0 hr. 24 hr. Decrease 
No. No. Oranges Treatment mg. mg. Per Cent 





2 9 6 Undiluted 0.59 3.3 

(0.5-0.7) (0.5-0.7) 

Diluted 0.58 
(0.5-0.7) 

Strained . 0.52 
(0.5-0.6) (0.40.6) 

Unstrained _............. aes 0.54 
(0.5-0.6) 

i 0.64 0.61 
(0.5-0.7) (0.5-0.7) 

ai _ Senne . 0.58 
(0.40.7 ) 

100° F. . 0.64 
(0.5-0.7 

Open container 0.52 0.50 
(0.5-0.6) (0.40.6) 

Cut half at 40° F. 0.60 0.58 
(0.5-0.7) (0.5-0.7) 





*See text for detailed description of experiments 
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WHITHER ENZYME CHEMISTRY* 
F, ScHLENK 


What we now call “enzymes” have been used from pre- 
historic time in baking, preparing alcoholic drinks, making 
plant poisons for deadly arrows, and in treating certain foods 
such as soybeans in order to make them more digestible. 
Enzyme chemistry began with the experiments of Berzelius, 
who pioneered in the investigation of catalytic processes, and 
with the work of Liebig and Pasteur. 

There are surprising varieties of enzymatic reactions wher- 
ever life occurs, but the systematic exploration of this field 
is of rather recent date. These processes take place under 
much milder conditions than the ones usually employed by 
the chemist in performing laboratory experiments. 

Enzyme chemistry in its early stage, at the time of Liebig 
and Pasteur, consisted mainly of microbiology, or the chemis- 
try of micro-organisms and their metabolism. Despite the fact 
that some enzymes which were not dependent on the living 
cell for their activity were known earlier, we may call Buch- 
ner’s experiments on alcoholic fermentation (1897) the birth 
of modern enzyme research. They mark the beginning of a 
trend to separate enzymatic functions from the living cell, to 
investigate enzymatic reactions in vitro under conditions well 
defined and variable at will, and to bring their interpretation, 
if possible, in line with that of other chemical reactions. Buch- 
ner’s example opened a most fruitful field of in vitro investi- 
gation. It should be pointed out, however, that the in vivo in- 
vestigations of enzymes have maintained an important func- 
tion in the development of this field. 

Enzymes are catalyzers of biochemical reactions. They are 
formed by the living cell, but in most instances they are inde- 
pendent of the presence of living cells for their action. The 
biocatalytic activity is highly specific. Like catalysts in general, 


they influence the speed of chemical reactions by their presence 


and participation. Many of these reactions might possibly 
“From the M. D. Anderson Hospital for Cancer Research, The University 
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occur in the absence of these catalysts, but so slowly and to 
such a limited extent that their effects would be scarcely 
noticeable. 

What is the chemical nature of enzymes and how do they 
exert their biological function? To solve this basic problem, 
enzymes had first to be prepared in pure form, free from con- 
taminations interfering with the chemical examination. Dur- 
ing the first twenty-five years of this century, many enzymes 
were highly purified, their activity increased many hundred 
times; still it could not be demonstrated that the preparations 
obtained were pure chemical entities. Richard Willstaetter, 
who has been most successful in this phase of enzyme chem- 
istry, as recently as twenty years ago stated that despite all 
progress, it was uncertain to which class of chemical com- 
pounds enzymes belonged. Demonstrably all of the highly 
purified enzymes investigated up to that time consisted mainly 
of protein, but it was still a question whether or not the en- 
zymatic properties were due to traces of concomitant substances 
belonging perhaps to a heretofore unknown class of compounds. 
The chief criterion for purity in a chemical sense, namely 
crystallization, was lacking, and this was not achieved for a 
long time. 

Finally on April 29, 1926, James B. Sumner at Cornell ob- 
tained the enzyme urease in crystalline form. It is noteworthy 
that this was accomplished nearly a hundred years after 
Woehler’s synthesis of urea which marked the beginning of 
the new era in organic chemistry. Sumner’s discovery was 
soon followed by reports of the crystallization of other enzymes. 
Today, more than fifty are believed to have been so prepared. 
Once an enzyme is free from impurities, its chemical structure 
may be investigated. To ascertain uniformity and _ physico- 
chemical properties of an enzyme preparation, repeated electro- 
phoresis, ultracentrifugation, recrystallization, determination 
of the absorption spectrum, chemical analysis, solubility studies, 
and other procedures are followed. 


Chemical Types of Enzymes 


Enzymes may be classified into three distinct groups accord- 
ing to their chemical composition: 
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1. Enzymes which consist exclusively of protein. This group 
seems to predominate numerically. 

2. Enzymes which consist of protein plus some inorganic 
component such as metallic ions. Examples of this group ap- 
pear in Table I. 

3. Enzymes which consist of protein plus an organic com- 
pound of low molecular weight and of nonprotein character. 
The latter compound is sometimes referred to as a co-enzyme 
or a prosthetic group. Some inorganic constituent such as 
Fe-, Mg-, or Cu- ion may be present as well as the co-enzyme, 
or be a part of it. Chlorophyll, hemoglobin, and hemocyanin 
belong to this class. Further examples are given in Tables 
II and III. 

The discovery of a possible inorganic constituent of an en- 
zyme is not too difficult, as a rule, despite the minute concen- 
tration in which it may occur. Present day analytical chem- 
istry has provided very sensitive methods for the discovery of 
traces of inorganic compounds (Baudisch, 1943). The prob- 
lem is to establish that the trace element, when found, is 
actually an integral part of the enzyme and not merely an 
impurity derived from the source material or from the reagents 
used in the isolation procedure. 

More laborious is the detection of a prosthetic group (co- 
enzyme) essential for activity. It may be revealed by pro- 
longed dialysis, electrophoresis, or mild chemical treatment, 
which brings about the separation of the co-enzyme from the 
protein constituent. It has been possible to determine the struc- 
ture of co-enzymes in several instances; some of them have 
even been synthesized in the laboratory. Figures 1 to 4 show 
the structure of a few of these groups. 

It has been possible in some instances to demonstrate the 
way in which these prosthetic groups behave, as the active 
factor of the enzymes, in performing biochemical catalysis. 

The most difficult, and at present an almost hopeless, task 
is to determine the exact structure of the protein part of the 
enzyme. No difference has been found so far which would 
distinguish the structure of enzyme proteins from that of other 
proteins, and which would explain their unique catalytic ac- 
tivity and specificity. 
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Results obtained in this respect do not go beyond our present 
knowledge of other proteins; thus the main puzzle of enzyme 
chemistry is protein structure. We are limited now to the 
determination of certain physico-chemical characteristics, such 
as molecular weight, iso-electric point, solubility, stability 
toward chemical reagents, and denaturation. Hydrolysis and 
chemical processing may give a clue to the nature, type, and 
order of the amino acids predominant in the protein, but the 
specificity of enzymes is certainly not due to any single amino 
acid. It is a problem of the arrangement of these amino acids 
in the molecule. The twenty-five amino acids known so far 
may occur in varying order and amounts; their stereo-chemical 
arrangement and the chain structure provide inconceivably 
vast possibilities for nature to construct a large number of 
different specific compounds. 

Thus, for a molecule containing altogether two hundred and 
eighty-eight amino acids, equally distributed among only twelve 
different amino acids, 0.6 10°’ different isomers are possible. 
This does not include the unlimited possibilities for configura- 
tional isomerism based on secondary valence or arrangement 
in space. Nevertheless, considering only the limited isomerism 
of a schematized molecule, it is clear that the existence of a 
single physical molecule of each isomer is impossible, since 
the amount of matter involved (10**’ gm.) exceeds the mass 
of the earth by a factor of 10*°*. As can be seen from this 
calculation, the limited number of about twenty-five different 
animo acids known at present is sufficient to provide for any 
specificity of an unlimited number of enzymes as well as 
proteins with other biological functions (Leathes, 1926). 

We do not know which structure and configuration in the 
protein molecule are responsible for such enzyme function and 
specificity. There are innumerable possibilities for such groups, 
and the discovery of their nature will be a task for future re- 
search. Present day chemistry is restricted primarily to the 


investigation of the occurrence of enzymatic reactions; the 
study of the compounds metabolized and products resulting 
from enzyme action; and the suitable conditions for these 


processes. 
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The investigation of enzymes which have a distinct pros- 
thetic group (co-enzyme) has been more successful. It has 
been possible to elucidate the chemical structure of the latter 
and to demonstrate its mode of action in several instances. 
But no more has been found out about the protein constituent 
of these combined enzymes than in the case of enzymes con- 
sisting of proteins exclusively. In Tables II to VI, the most 
important enzymes with an identified prosthetic group are 
listed, and some important data on them are given. 

Information is given in Tables II to VI on the speed with 
which certain enzymes act. For each molecule of substrate 
transformed, the enzyme undergoes one complete cycle, as in 
reversible oxidation and reduction. The turnover number is 
the average number of such reaction cycles per minute. Thus, 
one molecule of catalase, the most powerful enzyme known 
so far, decomposes 2,640,000 molecules of hydrogen peroxide 
per minute at 0° C. It may be assumed that living cells have 
special mechanisms to regulate the speed of enzyme reactions. 
The data given in Tables II and III are compiled from in vitro 


experiments, but there is no reason to believe that the rate of 
reaction in living material is very different. 

Another important fact is that some co-enzymes can com- 
bine with different protein constituents to form various enzymes 
(Tables IV to VI). It is the protein, therefore, that primarily 
determines the specificity; the prosthetic group is less specific 
(Warburg, 1938). 


Mechanism of Enzyme Action 


The mode of action of a co-enzyme was first demonstrated 
about ten years ago by Lohmann and Meyerhof in the course 
of studies concerning adenosine-monophosphate (Fig. 1), the 
prosthetic group of certain enzymes involved in the process 
of phosphate transfer. Adenosine-monophosphate in combina- 
tion with a specific protein removes two molecules of phos- 
phoric acid from organic phosphoric acid esters, yielding 
adenosinetriphosphate: Adenosine triphosphate is released from 
the protein and is combined with another specific protein. In 
this combination the two phosphoric acid molecules are very 
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labile and are readily given off to be linked with other sub. 
stances. The enzymatic process, therefore, consists of a con- 
tinuous cycle in which adenylic acid is phosphorylated and 
dephosphorylated, as indicated in Fig. 1, shifting phosphate 
from a donor to an acceptor. As a catalytic substance, it is not 
consumed by this reaction; the same holds for the proteins 
(apoenzymes) required for this process. 

Some years later, Warburg established the function of the 
nicotinamide containing co-enzymes in biological oxidations 
which undergo (in the presence of specific proteins) the re- 
versible reaction indicated in Fig. 5 and Table V. In Fig. 6, 
this process is shown in more detail. Some substrate, i.e., an 
aldehyde in hydrated form (Table V), combines with a spe- 
cific protein (apoenzyme A), which is linked to the nicotina- 
mide-containing co-enzyme. Labile hydrogen is now shifted 
from the aldehyde to the nicotinamide nucleus. An acid and 
a dihydro-co-enzyme are formed. Both differ in chemical 
character from the original compounds; therefore, they sep- 
arate from the apoenzyme A, since they have much less affinity 
for the latter. The reduced co-enzyme has an affinity for 
the apoenzyme B, which is in combination with a suitable 
hydrogen acceptor. After the hydrogen is shifted to the ac- 
ceptor and the original state of the co-enzyme is restored, the 
components separate and the co-enzyme is ready for another 
cycle. 

The nicotinamide co-enzymes are much less powerful than 
catalase. For example, each molecule performs this reaction 
at body temperature approximately 20,000 times per minute. 
In carbonhydrate metabolism, the substrate is diphospho- 
glyceraldehyde, which is oxidized to diphosphoglyceric acid. 
The reduced co-enzyme reacts in muscle glycolysis with py- 
ruvic acid, yielding lactic acid; in alcoholic fermentation, 
acetaldehyde is the hydrogen acceptor, yielding alcohol 
(Table V). 


The co-enzymes consisting of riboflavinephosphoric acid, 
and riboflavine-adenine nucleotide act in a similar fashion 
(see Fig. 2 and Table IV). Thiaminediphosphate (cocar- 
boxylase) acts as a prosthetic group of enzymes, bringing 
about the decarboxylation of ketocarboxylic acids (see Fig. 4). 
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The simplest of these reactions is the splitting of pyruvic acid 
in yeast fermentation as shown in Fig. 7. Other reactions are 
listed in Table VI. 

The mode of action of some enzymes consisting of a metal 
ion plus a protein has also been studied with success. They 
seem to be divided into two groups. In one, the metal ion 
merely brings about the linkage of the substrate to the protein, 
serving as a point of attachment. In the other group, we find 
enzymes of biological oxidation in which the metal ion is the 
active factor, exerting its function by a continuous change in 
valence (oxidation by electron transfer). Sometimes, the metal 
ion is not combined directly with the protein, but is built into 
a complicated organic molecule (porphyrin) instead. For de- 
tails see Table III. 


Concentration of Enzymes 


The preparation of enzymes in a pure state is important 
from another standpoint. If the pure enzyme is available, we 
can determine exactly how much substrate a given amount 
will metabolize or disintegrate per time unit, under certain 
experimental conditions. This information can be used to 
determine the ratio: reaction product obtained (or substrate 
consumed) per enzyme unit. By comparison of the rate of 
enzymatic reaction im vitro and in vivo, we are in a position 
to draw conclusions as to the amount of enzyme present in 
living material. Some results of such studies are given in 
Table VII. 

The concentration of enzymes is much higher than one 
would expect. Considering the enormous multiplicity of en- 
zymatic reactions necessary for cell growth and metabolism, 
it is difficult to understand how the amount of protein available 
is sufficient to account for all these different enzymes. There 
seem to be two possible explanations for this. Perhaps one and 
the same protein molecule may have more than one enzymatic 
function, i.e., it may serve as phosphatase and at the same time 
as peptidase or carbohydrase. At no time has there been found 
such diversified and unspecific action of any enzyme, how- 
ever. More probable is the assumption that one enzyme can 
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be rapidly transformed into another, with a specificity and a 
function entirely different from those of the original material, 
As yet, there is no experimental observation recorded to justify 
the claim for such a “protein-saving” mechanism in cells; hence 
the solution of this problem will be a task for future research. 


Enzyme Reactions 


When confronted with literature on enzymes, the scholar of 
biology is startled by the realization that emphasis in the past 
has been almost exclusively on catabolic processes such as the 
splitting of phosphoric acid esters, proteins, fats, and carbo- 
hydrates. Reports on enzymatic syntheses in vitro are meager, 
despite the fact that enzymatic reactions are reversible as a 
rule, as predicted by van tHoff, and as experimentally dem- 
onstrated by Kastle and Loevenhart for the first time in 1900. 
However, in vitro studies reveal that the equilibrium is shifted 
almost completely toward degradation in most instances, due 
to the liberation of energy (heat). Energy for enzymatic 
syntheses in the living cell is furnished by other reactions in 
which energy is released. 

Enzymatic syntheses in vitro may be carried out by coupling 
one reaction which requires energy, to another which fur- 
nishes energy. Under suitable experimental conditions, en- 
zymatic syntheses outside the living cell have been repeatedly 
performed. Some of them are used with success in the prepa- 
ration of compounds of biochemical importance on a large 
scale. Creatine phosphate is a good example. This compound, 


important in muscle tissue, has been very difficult to isolate 
from its source material, due to its great lability. Lehmann, 
Meyerhof, and their co-workers found that it can easily be 
obtained by enzymatic synthesis, using starting material which 
is readily available. The reactions are: 


a. Adenosinemonophosphate + 2 Phosphopyruvic acid = 
Adenosinetriphosphate +- 2 Pyruvic acid. 
b. Adenosinetriphosphate + 2 Creatine = 2 Creatinephos- 


phate + Adenosinemonophosphate. 
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The decomposition of phosphopyruvic acid furnishes the energy 
needed for the combination of creatine with phosphoric acid. 
Adenosinephosphoric acid acts as co-enzyme, and specific pro- 
teins (apoenzymes) in catalytic concentration make this re- 
action possible. 

The difficulties for enzymatic synthesis in vitro are consider- 
able as a rule. This raises the question of the reason for a 
living cell being superior to a combination of enzymes in a 
test tube. From the beginning, studies have shown that en- 
zymes must be kept in some order for their function in cells. 
We may assume that the majority of enzymes are arranged 
in a pattern within the cell structure. If this were not so, 
proteolytic enzymes would digest other enzymes, and a chaos 
of undesirable reactions would result. Moreover, many en- 
zyme processes, such as fermentation, glycolysis, and respira- 
tion, are a chain of reactions, occurring step by step, and 
involving a large number of different enzymes. In order to 
understand such complicated sequences, we must assume that 
the enzymes involved in these processes are fixed in positions 
beside each other. 

The search for such a protoplasmic structure has been very 
extensive, and an important field is open for future research 
here. As an indication that enzymes are built into the cell 
structure, experience has proved that many enzymes cannot 
be extracted from cells without loss of activity. Therefore, we 
distinguished between lyo- and desmo-enzymes (extractable and 
non-extractable enzymes). There is no strict borderline be- 
tween these two classes however. 

Improved methods of modern chemistry and physics have 
yielded promising results in the extraction of enzymes which 
stubbornly resisted extraction previously. A typical example 
is Warburg’s respiratory enzyme, which has recently been 
extracted successfully by Haas, who used ultrasonic waves to 
disrupt the cellular structure. 

It may eventually be found that all enzymes can be extracted 
from cell material if suitable methods are found. The diffi- 
culties encountered so far, however, emphasize the need for 
in vivo investigations in many cases, and numerous methods 
have been developed for this purpose. The most prominent is 
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the use of tissue slices in a medium resembling the physiological 
conditions as closely as possible (Laser, 1942). A drawhack 
to this procedure is that enzymatic activity does not survive 
even in undamaged tissue, if the latter is not supplied with 
fuel to maintain life, and with building material to replace 
the constant wearing-out of structural units (Schoenheimer, 
1943). 

For this reason, micro-organisms offer special advantages 
when living cells are to be investigated, since they can fre- 
quently be examined in their ordinary biological surround- 
ings (i.e., yeast or bacteria). Then too, their metabolism is 
usually much higher than that of a corresponding amount of 
tissue from the more complex animals. The one disadvantage 
to the use of these intact organisms has been the inability to 
obtain information about intermediary steps in complicated 
sequences of enzymatic reactions. 

Two methods have been used successfully in overcoming 
this difficulty. 

1. Specific inhibitors such as fluoride ion, iodoacetate, and 
other compounds are used to block reactions in certain stages, 
accumulating intermediary reaction products which otherwise 
would be further metabolized so fast that they might not be 
observed. 

2. Still more successful has been the use of radioactive ele- 
ments or isotopes as tracers, as shown by Wood and Werkman. 
They found that propionic acid bacteria assimilated CO, in the 
following reaction: 


CO, + CH,CO.COOH = COOH.CO.CH,.COOH 


This finding, heavily contested at first, could be proved by 
Wood and Werkman (1938), using radioactive carbon and 
the carbon isotope C'* in the CO, offered to the microorganisms. 
Isolation of oxaloacetic acid, which contained the isotope, 
definitely settled the question. 

These observations encouraged other investigators to carry 
out similar experiments with mammalian tissues, resulting in 
the demonstration of the analogous reaction in mammalian 
tissue (Evans and Slotin, 1940). Thus, the general concept 
that utilization of CO, is an exclusive privilege of plants, and 
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that photosynthesis in green plants is the only source of organic 
matter on earth, was revolutionized. 

The investigation of enzymatic reactions so far has been 
restricted to water-soluble enzymes, with very few exceptions. 
As yet, we know very little about the function of fat-soluble 
vitamins and steroids with the exception of vitamin A, one 
function of which is acting in combination with a protein 
(rhodopsin) in the visual purple. The biochemistry of reac- 
tions occurring in a lipoid medium or in a semi-solid nucleic 
acid gel has attracted very little attention. This is due not 
only to the difficulty of reproducing in vitro such solvents 
which may play a role which is just as important as that of 
water in the function of cells, but also to the fact that most 
of our present day analytical test methods for compounds of 
biochemical importance are designed for water solutions. An 
investigator in this new field, therefore, will not only have to 
imitate in vitro reaction media as described, but he will also 
have to revise and adapt the methods of analytical chemistry 
for these media. 

There is hardly a place on the chemist’s program for the 
study of mechanisms regulating speed as well as the initiating 
and finishing enzyme reactions while he is still struggling with 
the isolation of a few simpler representatives of the over- 
whelming number of enzymes that exist. 


Enzyme Correlations 


The function of enzymes as biocatalysts invites speculation 
on the way other catalytic substances in living tissues may be 
correlated. When a few vitamins, notably thiamine, riboflavine 
and nicotinic acid, were shown to function as part of co- 
enzymes (prosthetic groups), many investigators were led to 
believe that all vitamins may act in combination with specific 
proteins as enzymes. This concept has been extended to har- 
mones, and the action of certain powerful drugs has been 
interpreted as interference with enzyme reactions. So far, it 
has not been possible to find the specific proteins for vitamins 
other than the ones mentioned above or to link the action of 
a single harmone with that of any isolated enzyme in vitro. 
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This bears witness to the great difficulties of such investigations, 
and it also shows the overwhelming number of enzymes exist- 
ing, of which only an infinitesimal fraction has been in- 
vestigated. 

Composition with enzyme systems may play an important 
role in drug action. Thus Woods has shown that the gacterio- 
static effect of sudfonamides may be explained by interference 
on the part of these drugs with the utilization of p-amino 
benzoic acid, a “vitamin” which probably functions as a pros- 
thetic group in various enzyme systems controlling growth. 
Similarly, penicillin and other antibiotics may act bacterio- 
statically in relation to interference with enzyme systems. 
Fluorides demonstrably act by disturbance of enzyme sys- 
tems. Eserine and related ureides act by inhibition of enzymes 
destroying acetylcholine, as shown by Matthes. These enzyme 
relation deserve detailed chemical study. 


While there is hope of connecting vitamins and harmones 
with enzymes eventually after a larger number of them have 
been studied, there are many other far more obscure questions 
which will be difficult to attack with present day research 
methods. Where and how enzymes originate is one of these 
questions. Obviously, there must be a secondary class of en- 
zymes which synthesizes the primary enzymes responsible 
for the metabolism and structure of cells. If we assume they 
are very powerful, we may conclude that they exist in minute 
traces only; yet there must be tertiary enzymes to produce 
the secondary enzymes. The picture becomes complicated still 
more when we consider that not just one secondary enzyme 
may be required for the synthesis of each primary enzyme. 
but that a large number of them may be necessary instead. 
perhaps one for each type of linkage to be produced. There 
may indeed be an ever changing internal dynamic protein 
rearrangement within the externally appearing constant cell. 
Painter and his students have indicated the correlation between 
such chemical and structural intracellular rearrangements as 
involve chromosomes in cellular growth and division. 


These considerations suggest the probable importance of 


mass action effects involving enzymes in the regulation of 
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wth, cellular division, and cell repair. They imply the 
probable significance of enzymes in the problem of cancer. 
Interesting hypotheses relating enzyme activity to carcino- 
genesis and potential cancer control have been proposed by 
Potter and his associates. These await detailed chemical in- 
vestigation and experimental confirmation. As our knowledge 
of enzyme chemistry increases it is certain that we will be 
able to apply it effectively to the control of growth, disease, 
and decay. 

It is gratefully acknowledged that the author’s interest in 
many of the problems stressed in this review was aroused by 
scientific discussions arranged by Dr. B. M. Hendrix for a 
group of biochemists. 

Thanks are due also to Miss Aline Fisher for her help in 
preparing this manuscript. 
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TaBLe I 


Some Examples of Enzymes Consisting of a Protein Plus a 
Metallic Ion 





Metal Ion Present 
in Combination 
with the 
Enzyme Biological Function Specific Protein 





Phenol Oxidase Oxidation of phenols by | 
oxygen 
er 7. tat +) Cu 


“Alkaline” Splitting of organic phos- 
Phosphatases phoric acid esters at a 


pH>7 





Arginase Arginine > Ornithine | 
+ urea 


Succinic Succinic acid 7 


Dehydrogenase Fumaric acid 


Carbonic Anhydrase HCO >» CO. + H.O 
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Taste II 


Enzymes Containing Various Fe-porphyrin Compounds as the 
Prosthetic Group 





Enzyme 


Prosthetic 
Group 


Turnover 


| Function Number 





Cytochrome C 


Peroxidase 


Catalase 


Nitrate Reduc- 
tase 


Hemoglobin 





Fe-porphyrin 


Fe-porphyrin 


Fe-porphyrin + 
some bile pigment 


Fe-porphyrin 


Heme or Hematin 
(Fe-porphyrin) 


| Biological oxidation; 
Fe+ + ee ++) 1.4.x 10°(38° 
Catalyses oxidation of 
some organic com- | 
pounds (phenols, di- 
amines) by H:0. 1.5 x 10°(20° 


Decomposition of HO, | 2.4 x 10°(0°) 


Reduction of nitrate to 
nitrite 





| Reversible combination 
with oxygen 





Enzymes Containing a Cu Ion in the Prosthetic 


Taste III 


Group 





Enzyme 


Prosthetic 
Group 


Turnover 


Function Number 





Ascorbic Acid 
Oxidase 


Polyphenol 
Oxidase 


Laccase 


Hemocyanin 





Cu 


Cu 


Cu 


Cu-pigment 


Oxidation of ascorbic | 5 x 10*(20° 


; 
| acid 
of 7 x 10*( 20° 


Oxidation ortho- 


| diphenols 


Oxidation of phenylene | 2 x 10°(20° 


} 
diamine 
| 
| 
| 


Reversible combination 
with oxygen (in in 
vertebrates ) 








F. Schlenk 


TasLe IV 


Enzymes in Which Riboflavin Nucleotides Are Essential 





Coenzyme Which Serves 
as Prosthetic Group 
Enzyme of Specified Protein Source Material 





Cytochrome c Reduc-| Riboflavin phosphate Yeast, tissues 
tase 


“Yellow” enzyme Riboflavin phosphate Yeast 
(Warburg 


Fumaric dehydrogen- |Riboflavin adenine dinucleo- Yeast 


ase | tide 


Aldehyde oxidase |Riboflavin adenine dinucleo- Liver 
| tide 

Xanthine oxidase |Riboflavin adenine dinucleo- Milk 
| tide 

d-Amino acid oxidase | Riboflavin adenine dinucleo- Kidney 
tide 
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TABLE V 


Nicotinamide Nucleotide Enzymes 





Substrate of 
Dehydrogenase 
and Reaction 
Product 


Coenzyme Which 
Serves as Prosthetic 
Group of Specific 
Protein 


Remarks 





1.3-Diphosphoglycer- 
aldehyde ———” 
1.3-diphosphoglyceric 
acid 


Lactic acid <——” 
Pyruvic acid 


Alcohol % < 
acetaldehyde 


Malic acid [——” 


oxaloacetic acid 


Hydroxybutyric acid 
acetoacetic acid 


> 


Glucose ; gluconic 


acid 
Formic acid  pesanes 
Co: + H:O 
Isocitric acid oc -keto-B- 


carboxy-glutaric acid 


Glucose-6-monophos- 
phate —-> phospho- 
hexonic acid 


Glutamic acid [——’ 
Iminoglutaric acid 





Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase I 


Codehydrogenase II 


Codehydrogenase II 


Codehydrogenase 
Codehydrogenase 





| The 





Important reaction in fer- 
mentation and glycoly- 
sis; protein part has 
been isolated in pure 
form from yeast. 


Step in glycolysis; 
protein isolated 
heart muscle. 


pure 
from 


Step in alcoholic fermen- 
tation; protein part iso- 
lated in pure form from 
yeast. 


In carbohydrate metabol- 
ism; purified protein 
from animal _ tissue 
available. 


| Carbohydrate metabolism; 


protein has not yet been 
purified. 


In mammalian liver; puri- 
fied protein available. 


In bacteria. 


| Step in carbohydrate me- 
tabolism of higher ani- 
mals. 


Highly purified protein 
has been obtained from 
yeast. 


source of the spe- 
cific protein determines 
which coenzyme is re 
quired; crude protein 
preparations from. tis- 
sues, plants, yeast, and 
bacteria are available. 
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Taste VI 


Reactions Catalyzed by Diphosphothiamide Proteids 





Material in 
| Reaction Which Observed 


CH;CO.COOH ——> CH:CHO + CO, Yeast 
| CO.COOH 





+ 0 + CH:CO.COOH —> 


| CH:.COOH 


| OH Tissues 
HOOC.CH:.C—CH..COOH 
| COOH 
} 


| CH;.CH:.CO.COOH + O —> Brain 
Chs.CH2.COOH + CO: 


| HOOC.CH:.CH:.CO.COOH + 0 —> Tissues 
HOOC.CH:.CH:.COOH + CO: 


| CH;.CO.COOH + CO, —-> Tissues 
HOOC.CH:.CO.COOH 


CH:.COOH + 2 0: —-> 2 CO. + 2 H:O Bacteria 








Taste VII 


Concentration of Enzymes in Source Material 





Concentration 
Enzyme Source Material Per Cent 


Urease Jack Bean Meal 0.15 
Phosphorylase | Rabbit Muscle 0.4 





Cytochrome c | Heart 0.23 
Cytochrome c | Kidney 0.14 
Diphosphoglyceraldehyde Dehydr. Yeast 0.25 
Acetaldehyde Reductase Yeast 0.5 

Riboflavine-Enzyme | Yeast 0.15 
Lactic Dehydrogenase | Heart 0.1 

Catalase | Liver 0.08 


Ribonuclease Pancreas 0.15 
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Fig. 1. Adenosine monophosphate, the co-enzyme of phosphate tranferring enzymes. 
It acts (in the presence of specific proteins) by combination with and liberation of 


two molecules of phosphoric acid. 
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j 
HCH 
9 
HO-b—OH 


Fig. 2a. Riboflavin phosphate (Isoalloxazine nucleo- 
tide). prosthetic group of enzymes of biological oxida- 
tion (cf. Table 4). 





HO-P 
re) 
H¢H 
H¢OH 
HCOH 


H.C 
H.C 


Fig. 2b. Riboflavin-adenine dinucleotide. Like Riboflavin phosphate, it 
undergoes reversible reduction. 
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HO, | 
0= ~P=0 


Fig. 3a. Codehydrogenase I (Nicotinamide-adenine dinucleotide; Diphos 
phopyridine nucleotide) (cf. Table 5). 





CONH, 





Fig. 3b. Codehydrogenase II (Triphospho-pyridine nucleotide). The mode 
of action of the nicotinamide-containing coenzymes is explained in the text 
and in Figs. 5 and 6. 
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CH OH OH 
== (C—NH r 3 - f 

: oC CHa CHa 0 P— 0-4 

H; —F | G L_-— ; 


N. re) 0 
TaN 
N CH ca CH—s 


N 


Fig. 4+. Cocarboxylase (Diphosphothiamine). In combination with various specific 
proteins it brings about the reactions listed in Table 6. 


CONH, CONh, 


KX Xx 


Fig. 5. The reversible reduction of the nicotinamide nucleus in the 
codehydrogenases. 
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Fig. 6. The mode of action of the codehydrogenases in biological oxidation 
(dehydrogenation) ; for details see text. 
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CH;.CO.COOH ————————> CH:;.CHO + CO: 


Carboxylase: 


Protein 
Diphosphothiamine 


Magnesium 
| 4:4:1 











Fig. 7. Decomposition of pyruvic acid by carboxylace; and the components 
of the latter. 
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A CYTOLOGIST LOOKS FORWARD 
THEOPHYLUs S. PAINTER* 


I am honored to be the first to give the Phi Beta Pi lecture 
before so many of my former students and my older friends 
here on the faculty of the School of Medicine. Since, as I was 
told, the primary object of these lectures is to promote discus- 
sion, I am going to leave the ordinary domain of morphological 
cytology and venture into the borderline field where cytologists 
and chemists meet in an attempt to understand the nature of 
the parts of the cell and how these function. 

Since its beginnings, cytology has been dominated by three 
questions: What is the physical structure of protoplasm? By 
what mechanisms does the nucleus exert its dominant roles 
over the physiological activities of the cell? By what part of 
the cell are the hereditary units carried and what is the nature 
of the gene? Half a century ago these questions were recog- 
nized as of paramount importance and through the intervening 
years numberless researches, and much speculation, have been 
devoted to the illumination of these topics with very little light 
shed on the first two of them until very recently. You are all 
familiar with the fibrillar, the granular and the alveolar theo- 
ries of protoplasmic structure; for forty years we have been 
telling young students about these theories without being able 
to say which was the correct, or more nearly correct, concept. 
Of even more interest, in view of what I shall speak of this 
morning, are the ideas the early workers had about chromatin. 
Taking their cue from paramecium many thought that there 
were two kinds of chromatin; idiochromatin which was located 
in the micronucleus and had to do with hereditary processes, 
and trophochromatin which was centered in the macronucleus 
and had to do with the physiological processes of the cell. From 
this there came the old chromidia hypothesis, which was an 
attempt to explain how material escaped from the nucleus into 


*Professor of Zoology, The University of Texas, Austin. First Phi Beta 
Pi Lecturer, The University of Texas Medical Branch, Galveston, March 
25, 1944. 





Cytology 207 


the cytoplasm there to control physiological functions. For a 
number of reasons these and other old ideas were discarded or 
put aside, because it was realized that it was not possible to 
work on many of these problems until chemistry had developed 
new concepts and tools with which they could be attacked. For 
who can hope to understand how pseudopods are formed in the 
amoeba, for example, if he does not know something about 
gels and their ability to change, with great rapidity, from the 
gel to the sol state and back again? Or who can guess at the 
invisible structure of protoplasm if he does not know something 
about the structure of protein molecules? 

Mankind has a way of assigning definite dates for happen- 
ings, be it in the history of the race, or in the history of science. 
But as every historian knows the drafting of a Bill of Rights, 
or a significant step forward in science, is not an accident but 
the outcome of preceding events which were slowly and in- 
exorably leading up to an historical event, or a great discovery 
in science. I feel sure that in a history of science to be written 
some years hence the past decade will be singled out as an 
especially significant period in the chapter which will deal 
with the structure of protoplasm and the dominant role of the 
nucleus in cell physiology. But this era will differ from many 
which have gone before in that many different fields of the 
biological and physical sciences have contributed vital new 
tools and concepts without any one of which progress would 
have been greatly impeded. It came about in the following 
way: 

While substantial progress had been lacking for a long time 
in the areas of knowledge covered by the first two questions 
discussed above, we can point with some pride to the phe- 
nomenal growth of genetics during this period. Most of you 
are familiar with the evidence which led to the conclusion that 
the genes are carried by the chromosomes and that the behavior 
of the chromosomes during meiosis furnishes a physical basis 
for genetic phenomena. In our search for the gene the salivary 
gland chromosomes were recognized for what they are and 
eventually it proved possible to locate specific genes on definite 
bands along these giant chromosomes (Fig. 1). This work 
came at a very opportune time for there were a number of 
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young investigators, well versed in the newer concepts which 
had been developing in physics and chemistry, and adept in 
the use of new tools, who were eager to apply them to living 
material. But the chromosomes previously known were very 
small and could not be studied readily except after special 
techniques. Salivary chromosomes, on the other hand, were a 
hundred or more times larger than ordinary chromosomes, 
could be easily obtained by any one and studied under the 
lower powers of a microscope. To borrow a hunting expres- 
sion, the cytologist had “treed” the gene and men from the 
physical sciences joined with us in trying to shake it out and 
see what a gene really is! I would not have you think that 
the gene is now “in the bag”; it is still up in the tree but we 
have a much clearer idea of what it must be like than ever 
before! In the meantime, cytologists and men from various 
branches of the physical sciences have learned each other's 
language, points of view, and methods, and this has done much 
to clarify our ideas and has made many old problems amenable 
to an experimental attack. 

Foremost among the new tools were several exact methods 
for the identification of the nucleic acids in the cell. Cytolo- 
gists have long been familiar with differential staining but 
this really taught us very little about structures beyond their 
basic or acid properties under given experimental conditions. 
First came Feulgen’s technique for the identification of chro- 
matin or desoxyribose nucleic acid. Then Caspersson (1936) 
applied spectroscopic methods for the identification of nucleo- 
tides in the cell. This depends on the fact that nucleotides, 
of all sorts, show a high absorption for ultraviolet light with 
a wave length of 2,600 Angstrom units. And finally various 
depolymerase enzymes became available for the breaking down 
of nucleic acids. In addition to these methods, birefringence 
studies, the application of X-ray for breaking the chromosomes, 
or for making X-ray diffraction studies, microincineration ex- 
periments and other tools came to be used. 

New concepts introduced from the physical sciences were 
quite as important as the new tools with which to work. To 
begin with, a better understanding of polymers and the process 
of polymerization on the part of the organic chemist led to 
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a clearer idea of the nature of protein molecules. As you all 
know, at the present time we think of proteins as immensely 
long molecules, which are made up of amino-acids linked to- 
gether by polypeptid bonds and lying either straight out (the 
fibrous proteins), or folded or coiled in various ways. Since 
proteins are a principal constituent of the protoplasm, it would 
be difficult to think of the latter as anything but fibrous in 
nature. 

From our present standpoint, the most important advances 
are those linked with an understanding of the nucleic acids. 
Although it had been known for many decades that chromatin 
was a nucleic acid, it is only in the last few years that we have 
come to appreciate the properties of these substances and some 
of the roles they play in the cell’s activities. It is on this 
topic that I will speak here at some length, not as a chemist 
but as a cytologist, because I think there is no aspect of the 
cell quite as important, both from a theoretical and a practical 
medical standpoint. Nucleic acid seems to be the constituent 
which all living parts of a cell possess in common. Every part 
of the cell which is capable of autosynthesis—self reproduc- 
tion—contains some form of nucleic acid. To illustrate, 
chromosomes, plastids, mitochondria, and the various types of 
granules which Claude (1943) has isolated by differential 
centrifugation. Whenever there is rapid growth going on 
in cells, or the synthesis of proteins in the cytoplasm, as in 
many glands, there is always .present in the cytoplasm in de- 
tectable amounts, cytologically, ribose nucleic acid. 

Nucleic acids are polymers of nucleatides. And a nucleotide 
is, as we all know, made up of phosphoric acid linked to a 
sugar component which in turn is linked to a purine or a 
pyrimidine base. The formula commonly given for ribose 
nucleic acid is the following tetranucleotide: 


phosphoric acid—ribose (sugar)—adenine (purine) 


phosphoric acid—ribose (sugar)—cytosine (pyrimidine) 


phosphoric acid—ribose (sugar)—guanine (purine) 


phosphoric acid—ribose (sugar)—uracil (pyrimidine) 
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The important thing to understand, in order to follow what 
I will have to say, is that there are two general types of 
nucleic acid found in living things. The first is chromatin or, 
as the chemists call it, desoxyribose nucleic acid. The other is 
ribose nucleic acid. These two types differ little chemically, 
for the substitution of an H and an OH group on the sugar 
radicle, changes one into the other. But biologically they are 
“miles apart.” Desoxyribose nucleic acid is: (1) confined to 
the nucleus and apparently cannot exist anywhere else in the 
cell; (2) capable of a very high degree of polymerization. The 
measurements of Astbury and Bell (1938), on X-ray diffrac- 
tion patterns, indicate that the chromatin on metaphase chromo- 
somes must be made up of about 2,000 nucleotides; (3) no 
known enzyme is made up of a desoxyribose nucleotide; in 
this sense we can speak of chromatin as an enzymatically 
inactive form of nucleic acid. In contrast to these properties 
of chromatin let us consider the ribose form of nucleic acid. 
Although at certain points in the mitotic cycle some may be 
seen in the plasmosome, it is: (1) typically a cytoplasmic 
constituent where it appears as basiphilic material; (2) it is 
commonly held by chemists that ribose nucleotides do not form 
such high polymers as the desoxyribose form; (3) many of 
the known coenzymes are or contain ribose nucleotides, and 
so we can speak of ribose nucleic acid as the enzymatically 
active form. 

With this brief explanation let us consider Figure 2 which 
gives in a concise form information from various sources 
which has led some cytologists to think that there is a regular 
nucleic acid cycle going on in growing and dividing cells. It 
should be emphasized that this is a working hypothesis which 
appears tenable today (March, 1944) but much work still re- 
mains to be done before the processes envisaged here can be 
regarded as firmly established. 

Caspersson (1936), by means of ultraviolet absorption studies, 
has established the fact that the total amount of nucleic acid 
in the nucleus of a cell varies in a regular pattern during the 
various phases of mitosis. It is lowest during the resting stage, 
in the prophase it increases rapidly and in the telophase sinks 
again to the resting stage level. 
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Protein syntheses and metabolic processes in general, as has 
long been known, are highest during the resting stage. As 
prophase changes set in, syntheses decrease and in the meta- 
phase metabolic changes are at the lowest level. In the telo- 
phase protein synthesis begins again and reaches its highest 
level in the resting stage. 

It has been abundantly demonstrated by Caspersson and his 
co-workers (e.g., Caspersson and Brandt, 1942), that ribose 
nucleotides are essential for protein synthesis. These are most 
abundant in the resting stage. With the onset of the prophase 
the amount of ribose nucleotides in the cytoplasm decreases 
(see Painter, 1943) and reaches the minimum in the meta- 
phase. In the telophase the ribose nucleotides increase in the 
cytoplasm again. 

The basic assumption in the diagram (Fig. 2) is that ribose 
nucleotides pass, in the prophase, into the nucleus and are there 
converted into desoxyribose nucleotides which becomes attached 
to the heterochromatic regions of chromosomes, and perhaps 
elsewhere, in a highly polymerized state. This accounts for 
the disappearance of ribose nucleotides from the cytoplasm in 
the prophase and also the lack of protein syntheses at this time, 
and explains the sudden increase in the amount of nucleotides 
in the nucleus. In the telophase this extra-genic chromatin be- 
comes detached from the chromosomes (thus reducing the total 
amount of nucleotides in the nucleus) and somehow passes 
into the cytoplasm as ribose nucleotides, to implement protein 
and other syntheses and the cycle starts over again. The evi- 
dence which supports these assumptions will now be presented. 

From bulk chemical analyses it has been known for some 
years that unfertilized eggs, such as those of the sea-urchin 
which develop very rapidly, contain large amounts of nucleo- 
proteins (nucleotides) which must be carried by the cytoplasm 
since the single nucleus is very small and relatively poor in 
chromatin. But we really did not begin to appreciate the mean- 
ing of this until we began to study the origin of the cytoplasmic 
nucleic acids during the formation of the ova. Then some 
startling facts came to light. 

In many animals the ova are formed through the agency 
of so-called nurse-cells. In the fruit fly, for example, 16 germ 
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cells are cut off in the ovary to form a single egg follicle. Of 
these cells one becomes the egg, the rest nurse-cells. The latter 
undergo a series of intranuclear division cycles during each 
of which the chromosome number is doubled and the nurse- 
cells become very large and their nuclei extremely chromatic 
(Fig. 3). By repeated division the 8 original chromosomes in 
the nucleus increase to 512, 1,024 or even more in number 
(Painter and Reindorp, 1939). The egg proper grows by en- 
gulfing or absorbing these large nurse-cells and thus the cyto- 
plasm of the egg comes to contain the products of many thou- 
sands of chromosomes. During the process of absorption the 
chromatin in nurse-cell nuclei disappears but at the same time 
the cytoplasm becomes very rich in ribose nucleotides. That 
these ribose nucleotides, directly or indirectly, come from the 
desoxyribose nucleotides is shown by the following observa- 
tions of Schultz (1941). Using ultraviolet absorption methods 
this worker compared the amount of ribose nucleic acid in the 
cytoplasm of eggs derived from ordinary XX females and those 
which carried in addition an extra Y chromosome. In the latter 
there was much more nucleic acid, derived, of course, from the 
extra Ys of the 15 nurse-cells. 


In some animal species there are no nurse-cells, instead the 
egg nucleus acts as a center for the building up of the cyto- 
plasmic nucleotides. The toad is a case in point which has 
been worked out by Dr. A. N. Taylor, now on your staff. The 
nucleus, or germinal vesicle, of the toad’s egg grows very large 
and during this process there become detached from the chromo- 
somes hundreds of small granules of chromatin which migrate 
to the nuclear wall and dissolve (Fig. 4). At the same time 
ribose nucleic acid appears outside of the nuclear wall in the 
cytoplasm. This case is illuminating from another point of 
view in that we have chromatin existing independently of the 
chromosomes. This must be extra-genic in character. 


In the two examples just given we see the elaborate cyto 


logical mechanisms developed to insure that the cytoplasm of 
unsegmented eggs will contain large amounts of ribose nucleo- 
tides derived from desoxyribose nucleotides of nuclei. The 
reverse of this process takes place during cleavage. In 1910, 
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Masing found there was just as much nucleic acid in the un- 
segmented egg of the sea-urchin as in the larva when it hatched. 
Later Brachet (1933), using more modern methods of analysis, 
was able to demonstrate that in the undivided egg the nucleic 
acid was practically all of the ribose type, but as cleavage 
went forward there was a fall in the amount of ribose nucleic 
acid and a corresponding increase in the desoxyribose type. 
Obviously the chromatin must have been derived from the 
cytoplasmic nucleotides and this makes it clear how it is pos- 
sible for eggs to divide so rapidly; often the nuclear contents 
are reduplicated 8 or 9 times in as many hours. The redupli- 
cation of the complex chromosomes is possible because the 
cytoplasm has “the makings” of thousands of chromosomes. 

As I have mentioned above, whenever we have growth or 
protein syntheses going on in cells, ribose nucleic acid is always 
present in the cytoplasm. Why are ribose nucleotides essential? 
Of course this question has been discussed by chemists and 
several possibilities have been pointed out. In the first place 
since so many of the cytoplasmic coenzymes are ribose nucleo- 
tides it has been suggested that they must come from the ribose 
nucleic acid. This is almost certainly true. But as Caspersson 
has pointed out several times (e.g., Caspersson and Brandt, 
1941) the amount of ribose nucleotides in the cytoplasm is 
far in excess of what we would expect if it had only a catalytic 
function. (For example, from 15% to 20% of the dry weight 
of certain bacteria may be ribose nucleic acid. Some 10% of 
the dry weight of the pancreas is the same.) From this Cas- 
persson is convinced that the ribose nucleotides must play other 
and as yet unknown roles in protein synthesis. To this I would 
add that all the evidence points to the cytoplasm as the site of 
nucleotide synthesis and subsequently these nucleotides go into 
the nucleus to be converted into chromatin. The size of the 
chromosomes, that is, the amount of chromatin which is at- 
tached to the chromosomes, can be greatly modified by en- 
vironmental conditions. 

Let us now return to Figure 2. The reported migration 
of Ca and Mg ions from the cytoplasm into the nucleus and 
on to the chromosomes at metaphase rests on microincinera- 
tion studies of dividing cells (Scott, 1930). Now, as the enzyme 
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chemist will tell you, some coenzymes are unable to become 
attached to protein molecules, to form enzymes, unless Ca 
and/or Mg ions are present. There is a striking parallel in 
the behavior of the ribose nucleotides, as I have interpreted 
it, and these inorganic ions. Is this a coincidence, or is there 
a causal relation? The answer again must be given by the 
chemists. But to a cytologist it suggests that somehow the 
ribose nucleotides and Ca and Mg ions pass together into the 
nucleus in the prophase and back into the cytoplasm in the 
telophase. 

The question now arises, what is to be gained by having 
ribose nucleotides pass into the nucleus in the prophase (aside 
from that needed for the growth of chromosomes) and out 
again in the telophase. My guess is that since the desoxyribose 
nucleotides are inactive enzymatically, and can be polymerized 
into very compact masses, we have here a mechanism which 
insures that each daughter cell will receive not only the same 
genes but its exact share of nucleotides which in the metaphase 
appear as extra-genic chromatin but which in the telophase 
will pass into the cytoplasm there to implement growth, pro- 
tein syntheses in general and doubtless other reactions not 
now understood. 

This dynamic concept of nucleotides as material which passes 
from one part of the cell to another and back again is a far 
cry from some of the old ideas about chromatin. Boveri, one 
of the most distinguished of the early cytologists, once defined 
chromatin as the stuff out of which chromosomes are made. 
He thought that the genes must be made of chromatin. Today 
we think of chromosomes as being made up of a backbone of 
different kinds of proteins to which desoxyribose nucleic acid 
is attached by a salt-like linkage at points where basic pro- 
teins occur, such as the protamines or the histones. This causes 
the formation of the bands along salivary chromosomes (Fig. 1) 
and the chromomeres along ordinary chromosomes. This mod- 
ern concept allows us to understand a number of things which 
before were obscure. Long ago chemists isolated the nucleic 
acid from a variety of sources such as fish or mammalian 
sperm, or bird erythrocytes, and it was found that the materials 
obtained were much alike chemically. As long as we thought 
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of genes as chromatin, this was difficult to understant. But as 
enzymes and the nature of viruses began to be understood it 
was Clear that both of these organic units owe their specificity 
to the protein component in their make-up and not to the co- 
enzyme or nucleatide. 

For a long time geneticists have thought that genes must 
be very large and complex molecules which act as centers of 
synthesis of products which by long chain reactions cause the 
formation of brown hair or blue eyes. As it turns out genes 
and viruses share a number of characteristics in common. Both 
are, or are thought to be, very large and complex molecules 
containing nucleotides, both are capable of autosynthesis and 
both undergo spontaneous chemical changes, or mutations. If 
the specificity of the virus is due to its protein components 
it may be inferred that the same is true of the gene and at 
the present time the proteins concerned seem to be the prota- 
mines and the histones. The nucleotides seem essential for 
growth and reproduction; I think of them as a source of motive 
power. What a machine can do depends on how it is struc- 
tured and what it was meant to do. The nucleotide makes the 
wheels go around! 

At the present time we seem forced to conclude that there 
are two kinds of chromatin, or better perhaps, chromatin bound 
to the chromosomes in two different ways. One is somehow 
linked with genes and the other is extra-genic which pre- 
sumably may be shifted about the cell in various ways to 
form ribose nucleotides which are essential for growth and 
protein syntheses in general. This is much the same situation 
envisaged by cytologists forty years ago when they postulated 
(and thought they saw) the passage of chromatin out of the 
nucleus into the cytoplasm. Substitute the term nucleotide for 
chromatin, and the present-day concept as here outlined is 
clearly expressed. 

It has not been possible to give much of the evidence which 
supports the relations between the two types of nucleic acid 
and their interchange during the mitotic cycle nor has it been 
possible to qualify, properly, all the statements made. I have 
dwelt at length on the nucleic acids for as we look to the future 
there is every indication that extensions in our knowledge 
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will give a better insight into the normal working of cells and 
in turn the reasons for abnormal functioning. There are many 
straws which point to the immediate usefulness of more know- 
edge in this field in pathology. I have time to cite just a few 
of them. 

The so-called wound hormones contain ribose nucleotides. 
Where these come from is not known, perhaps from disrupted 
nuclei? What would be the effect of treating wounds with 
ribose nucleic acid isolated from yeast, for example? It seems 
to work very well on burns. 

In the peach tree there is a disease called “Yellows.” It is 
due to a virus and what happens is this. The plastids, which 
are the cell part in which photosynthesis occurs, contain ribose 
nucleotides linked with phospholipids. The virus robs the 
plastid of its nucleic acid which destroys the plastid and the 
phospholipids swell causing the leaf to crinkle up. The animal 
cell has many self-perpetuating units, such as mitochondria, 
and various granules, which contain ribose nucleotides. Do 
any of the virus diseases of animals work in the same way as 
the virus of the peach leaf? 

And finally, there is the problem of malignancy. As every 
pathologist knows, in cancer cells there is an upset in the 
nucleic acid balance. One of my former students, Dr. John 
Biesele (1942) has been able to express this in definite morpho- 
logical terms. Cancer cells have polytene chromosomes, that 
is, instead of the ordinary diploid number of chromosomes, all 
cancers so far examined, have multiples of the diploid number 
which are produced by endomitotic divisions much as in the 
nurse-cells of the eggs of the fruit fly. What causes normal 
cells to change in this way is not known but it seems safe to 
say that as we learn more about the nucleic acids and the roles 
these play in cell activity the better we will be able to under- 
stand what is happening in malignancy. 


In conclusion, let me point out that the great strides we 
have made in the past decade, in the matters which I have 
been discussing, have not been due to any one man or any one 
branch of the biological or physical sciences. Each has con- 
tributed something without which progress as a whole would 
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have been greatly impeded. We have here what should be- 
come the rule in post-war science, the solution of problems 
which touch two or more fields through the active collabora- 
tion of workers brought together in one institution. On the one 
hand it is clear that specialization in science is a necessity. It 
takes a long time to train a man in any one of the fields of 
knowledge as well as special interests and skills in the use of 
techniques. No one man can hope to be a top-flight cytolo- 
gist, an expert in enzymology and in the use of ultraviolet 
absorption spectra. And yet sooner or later information from 
these different fields will be needed for the solution of prob- 
lems. It is obvious, is it not, that if we wish to insure rapid 
progress in the borderline fields of biology, or of medicine, 
we should council together in ways and means or bring to- 
gether men with special training into close contact? This will 
call for careful planning on the part of those in authority and 
might be accomplished in several different ways: separate re- 
search institutions, or separate institutes within our institutions 
of learning, or in the looser associations of the faculty in large 
universities and medical schools. All of these ways have ad- 
vantages and disadvantages. But if we may judge the future 
by the past, close coéperation and collaboration will be essen- 
tial for rapid progress in the post-war era. 
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Fig. 1. Camera lucida drawings at the same magnification of salivary 
chromosomes (A) and oogonial chromosomes (B) of the fruit fly, presented 
to show the relative sizes of these two types of chromosomes. In A the 
salivary chromosomes are labelled and the location of several genes are 
shown on the X, or sex chromosome. Not all of the bands are shown on 
the salivary chromosomes. 
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Fig. 2. A diagrammatic representation of the changes which are thought to occur during # 
mitotic cycle. For a full description see text. 
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Fig. 4. Stages in the formation of the eggs of toads (after A. N. Taylor, 
unpublished drawing). Within the ger nthe vesicle granules of chromatin 
are detached from the chromosomes and pass accompanied by small plasmo- 
somes to the inner wall of the nucleus where both are dissolved. At the 
same time ribose nucleic acid appears in the cytoplasm just outside of the 
nuclear wall 





THE EFFECTS OF EXPERIMENTAL ACIDOSIS AND 
ALKALOSIS ON THE ELECTROLYTES OF 
BLOOD AND URINE* 


Forrest G. Houston AND Byron M. HENprRIx 


Haldane, Davies, and Kennaway (1) demonstrated that the 
ingestion of ammonium chloride by man causes marked and 
prolonged acidosis, showing a fall in the plasma CO, and an 
increased excretion of acid, ammonia, and phosphates in the 
urine. Haldane took ammonium chloride in amounts vary- 
ing from 5 to 55 grams on six different occasions, two of the 
experiments lasting a week each. He was able to reduce his 
plasma CO, by 20 volumes per cent. They attributed the 
acidosis produced by ammonium chloride to the conversion 
of part of the ammonia to urea, thus freeing the acid with 
which it had been combined. In 1923, Hill and Luck (2) 
carried out a similar experiment using calcium chloride. The 
experiment lasted thirteen days during three of which Hal- 
dane drank 85 grams of calcium chloride in 3.5 liters of water. 
The results were very similar to those obtained with ammo- 
nium chloride. The calcium was mainly excreted in the feces 
as calcium carbonate, the Cl’ replacing HCO,’ in the body and 
causing acidosis. 

In 1923, Gamble and Ross (3) studied the effect of acid- 
producing substances on the acid base metabolism of infants 
with tetany. Calcium chloride, ammonium chloride, and 
hydrochloric acid were administered. They studied the ex- 
cretion of ammonia, the inorganic bases, the inorganic acids 
and the organic acids in the urine, and determined the total 
base, sodium, calcium, chloride and bicarbonate in the serum. 
It was demonstrated that the chloride increased above nor- 
mal in the plasma at the expense of the bicarbonate. The total 
base remained fairly constant, showing that the lowered 


*This paper has been abstracted from a thesis presented by Forrest G 
Houston to the Graduate School of The University of Texas, June, 1942, 
m partial fulfillment of the requirements for the degree of Master of Arts. 
Received for publication March 28, 1944. 
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bicarbonate is not due to the withdrawal of base from plasma. 
The increased excretion of fixed base in the urine is a con- 
sequence of a reduction in volume of the body water, there- 
fore. there is no lowering of the concentration of the bases 
in the body fluids. Gamble, Ross, and Tisdall (4) also pub- 
lished, in 1923, a paper on the metabolism of fixed base dur- 
ing fasting. They again reported a complete study of the 
inorganic composition of the urine and the plasma during 
fasting and normal periods of four epileptic children. They 
were able to demonstrate that the increase in ketone acids in 
the plasma during the periods of fasting was responsible for 
the decrease in bicarbonate. There was also a slight drop in 
the plasma chloride, but the sum of the concentrations of 
chloride, bicarbonate and ketone acids remained practically 
constant. The total bases were unchanged. 

The main thesis upheld by Gamble and his associates is 
that the preservation of an approximately stationery concen- 
tration of fixed base is the chief adjustment of the process of 
acid-base metabolism. How well the body succeeds in this 
respect is indicated by the data which they present on the 
infants and children which they studied. Since such studies 
involve the detection of small changes in the concentration 
of the various electrolytes, it is desirable that enough work 
be done to lend statistical value to the results obtained. It 
was felt worthwhile, therefore, to study the effects of pro- 
nounced acidosis and alkalosis in dogs on the electrolytes of 
the blood. An effort has been made to determine what chem- 
ical factors are mainly responsible for the production of the 
acidosis or alkalosis, that is, what is the relationship between 
chloride and the bicarbonate and of these to the total base 
of the serum under such conditions. 


EXPERIMENTAL 


Female dogs were used in all the experiments. They were 
kept in fasting condition during each experiment. However, 
they were fed during recovery periods between the experi- 
ments so that their weights remained fairly constant 


throughout the whole series of experiment periods. 
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Production of Acidosis and Alkalosis. One liter of an ap- 
proximately 0.1 normal solution of ammonium chloride was 
prepared for each experiment. The solution was adminis- 
tered by stomach tube, and the doses were divided so that 
three were given each day, one at 10:00 a.m., one at 2:00 
p.M., and one at 4:00 p.m., for a period of four days (see 
Table I for exact amounts given). Blood was withdrawn 
for the analysis immediately prior to the morning dose on 
alternate days. Sodium acetate was employed in the produc- 
tion of experimental alkalosis (see Table II for the amounts 
given). One liter of approximately 0.1 normal solution of 
this salt was prepared for each experiment, and the schedule 
and method of administration of the solution and analysis of 
the blood was carried out in the same manner as used in the 
experiments on acidosis. 

Collection and Analysis of Blood. About 20 cc. of blood 
was removed from the dog on alternate days by means of 
heart puncture. 10 cc was placed immediately in a centri- 
fuge for about ten minutes. The clear plasma was then drawn 
off and used for the determination of its CO, combining 
power. The remaining portion of the blood was allowed to 
clot and the serum was then withdrawn and used in all the 
other determinations. Sodium, chloride, and total base con- 
tent of the serum was determined. Woelfel’s (5) method was 
used for sodium, the method of Van Slyke (6) for chloride, 
and Key’s (7) method for the total base. The CO, combining 
capacity of the plasma was determined by the method of 
Van Slyke and Cullen (8). 


RESULTS 


The results of determinations on serum and plasma in 
ammonium chloride acidosis are given in Table I and those 
in sodium acetate alkalosis are found in Table Il. The re- 
sults of the control experiment are given also in Table I. 
The results obtained on the first day of each of these experi- 
ments are normal for the animal used, because these sam- 
ples of blood were taken before either ammonium chloride or 
sodium acetate had been administered, 
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Ammonium Chloride Acidosis. Haldane (1) advanced the 
idea that in feeding ammonium chloride, part of the am- 
monia is converted into urea, thus freeing the hydrochloric 
acid with which it is combined. It has never been shown that 
ammonia exists in the blood in any higher concentration than 
0.02 mg. per cent. The serum chloride rises rapidly, how- 
ever, and remains high through the experimental period, dis- 
placing mainly bicarbonates. The chloride is finally excreted 
largely in the form of the ammounim salt. In the eighteen 
experiments the average drop in plasma CO, was 5.44 meq./L, 
the average increase in serum chloride was 6.00 meq./L, and 
the average drop in serum total base was 5.47 meq./L. 

Although the increase in chloride always paralleled the 
decrease in CO, of the plasma, it was rarely found that the 
two variations were exactly equivalent. For example, in Ex- 
periment 1, Table I, there is shown an increase of 4.1 meq./L 
in the serum chloride. Over the same period of time there 
was a decrease of 7.8 meq./L in the plasma CO,. If, for this 
period of time, the ratio of serum chloride plus plasma CO, 
to serum total base is calculated for each of the experiments, 
it is seen that the ratio is practically constant. The values 
are 0.815, 0.815, and 0.828. This ratio is calculated for each 
of the experiments on both acidosis and alkalosis and shows a re- 
markably constant figure. The average ratio is 0.838 + 0.006, 
which means that under all conditions studied the serum 
chloride and plasma CO, are equivalent to about 84 per cent 
of the total base of the serum. 

It was not found in any of the experiments on acidosis that 
the total base of the serum remained absolutely constant. In 
nearly every case there was a slight decrease. Between the 
first and third days of Experiment 1, there is shown a de- 
crease of 5.0 meq./L, and a further decrease of 2.2 meq./L 
occurred between the third and fifth days of Experiment 1. In 
only one case was there found an increase in the serum total 
base, as shown between third and fifth days of Experiment 3. 
It may be stated that there is a tendency toward a decrease 
in the serum total base during acidosis. The fasting (con- 
trol) experiments show that a part, at least, of this decrease 





Blood and Urine Electrolytes 227 


may be due to the fasting condition of the animals during 
the period of acidosis. 

Sodium Acetate Alkalosis. The degree of alkalosis produced 
was measured by the increase in the plasma CO,. Sodium 
acetate was fed on each day of the experiment. There was 
an increase in plasma CO, between first and third days of 
Experiment 9 from 16.60 meq./L to 23.60 meq./L. As the 
plasma CO, increased there was a corresponding decrease in 
the concentration of serum chloride. However, as in the case 
of acidosis, these changes were not exactly equivalent. For 
example, there is shown a decrease of 9.4 meq./L in the con- 
centration of chloride between first and third days of Experi- 
ment 9 and an increase of 7.0 meq./L in the concentration 
of plasma CO, over the same period. As a general rule, the 
decrease in serum chloride was slightly greater than the in- 
crease in plasma CO.,, though not always. 

As in the case of acidosis, the disproportionate changes in 
chloride and CO, tended to be balanced by the changes in 
the concentration of the serum total base. In the experiments 
on alkalosis serum chloride dropped an average of 5.9 meq./L, 
plasma CO, increased an average of 3.7 meq./L, and serum 
total base dropped an average of 2.1 meq./L in the eighteen 
days of experiments on alkalosis. In general, the total base 
of the serum showed a tendency toward a slight decrease. 
For example, it is seen that between the first and second 
days of Experiment 9, Table II, the total base changed from 
159.3 to 156.0 meq./L. If, for Experiment No. 8, we calcu- 
late the ratios of serum chloride plus plasma CO, to the serum 
total base, we find that their values are 0.840, 0.842, and 
0.845. This ratio shows the same degree of constancy through- 
out all the experiments on alkalosis, just as in the experi- 
ments on acidosis. It may be repeated, then, that this ratio 
seems to be constant under conditions varying from definite 
acidosis to alkalosis, and its average value as calculated from 
the experiment is 0.838 + 0.006. 


The results of these experiments indicate that the alkalosis 
is caused by the loss of chloride and the retention of CO, 
rather than the retention of base. The results of the experi- 


ments on acidosis indicate that the retention of chloride is 
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the most important factor in causing the acidosis. It seems, 
therefore, that the mobility of the chloride ion is a very im- 
portant factor in the production of experimental acidosis and 
alkalosis. 

Urine Changes in Acidosis and Alkalosis. The excretion of 
electrolytes in the urine during the period of acidosis and 
alkalosis is largely the result of the administrated salts. There 
are, however, certain changes which are associated with the 
acidosis or alkalosis. Figure 1 shows the urinary excretion 
during a period of acidosis on Dog (5), Experiment No. 3 
(see Table I for serum and plasma changes). The markedly 
increased excretion of chloride is brought about by the ad- 
ministration of the ammonium chloride. This, of course, was 
to be expected. It is impossible to say what portion of the 
increase in ammonia is due to the ammonium salt adminis- 
tered and what is the formation of ammonia in the kidney. 
The significant change in the urine during the periods of 
acidosis is the marked increase in the excretion of total fixed 
base as shown in Figure 1. This amounts to more than the 
equivalent of 500 cc. of 0.1 N alkali on one day. Most of 
this increase was due to the increased excretion of sodium, 
but there was also a fairly marked increase in the excretion 
of potassium. The time of excretion of fixed base in the urine 
coincided with or preceded the greatest decrease in the CO, 
combining power of the plasma. It should be pointed out 
again that the loss of base through the kidney does not bring 
about more than a small decrease in concentration of total 
fixed base in the serum. 

Figure 2 shows the significant changes in the urine com- 
position during alkalosis on Dog (5), Experiment No. 9 (see 
Table II for serum and plasma changes). The marked in- 
crease of fixed base in the urine was to be expected because 
of the administration of the sodium acetate. In addition to 
this, there was an increased excretion of chloride which prob- 
ably accounts for the decrease in the concentration of chloride 
in the serum. The increased excretion of chloride coincided 
with or preceded the period of the greatest increase in plasma 
CO,. The increase in ammonia excretion during the period 
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of alkalosis is not so easily explained. It might be taken to 
indicate that there was a retention of fixed base and that a 
portion of the anions excreted were associated with ammonia 
which was formed by the kidney. Hendrix and Sanders (9) 
showed that the administration of disodium phosphate or 
sodium hippurate caused an increase of ammonia in the urine 
of the fasting dog, and at the same time there was an in- 
crease in the CO, capacity of the blood. The increase in 
ammonia content of the urine after the ingestion of sodium 
acetate seems to be a similar effect of the basic salt. 

If, however, there was a retention of base during these 
periods of sodium acetate feeding, it is not shown by any 
increase in fixed base of the serum because there is either no 
change or a slight decrease in the base of the serum. There 
may have been an increase in the total fluid of the body dur- 
ing the periods of alkalosis, if so, this would account for the 
retention of base without an increased concentration in the 
fixed base of the serum. 


SUMMARY 


The concentration of fixed base and sodium of the blood 
serum remains fairly constant throughout rather wide range 
of acidosis and alkalosis in the dog. The ratio Cl’ + CO, to 
fixed base remains very constant in conditions of acidosis and 
alkalosis. The average being 0.838 + .01 and those in alka- 
losis 0.833 + .004. These values are so close together that 
the differences shown most probably do not have any statis- 
tical significance. There was a definite increase of the chlo- 
ride content of serum with fairly proportionate decrease in 
CO, capacity of blood plasma in acidosis. The opposite effect 
occurred in alkalosis. 

During acidosis there was a very considerable increase in 
the excretion of fixed base in the urine. 

During alkalosis there was an increase in the excretion of 
chloride by the kidney, and there was also a fairly large 
excretion of ammonia at the same time. 

These results can be correlated if we assume marked de- 
crease in body water during acidosis and an increase during 
alkalosis. 
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Fig. 1. These graphs show the urinary excretion of chloride, ammonia 
and total fixed base during the acidosis Experiment Number 3 on Dog Num- 
ber 5. 
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Fig. 2. These graphs show the urinary excretion of chloride, ammonia, 
= mae fixed base during the alkalosis Experiment Number 9 on Dog 
umber 5. 
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Ammonium Chloride Acidosis 
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*Dog 5 weighed 7.0 kg. and Dog 6 weighed 9.4 kg. at the beginning of these experiments. 
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Sodium Acetate Alkalosis 
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INVESTIGATION AND THE TEACHER 
Joun G. SIncLair* 


Teaching has earned for itself a well recognized and stable 
position in civilized countries. Public necessity may at times 
alter methods, content, and remuneration but no drastic 
changes are in prospect. Research, by itself, occupies a less 
favorable position and feels the pressure of economies more 
severely. The content of research suffers even more as it is 
forced into utilitarian channels. Making allowance for the 
large foundations, institutes, and industrial contributions, the 
bulk of research in this country is still done in university 
laboratories. It must be done in most cases by men who also 
teach. Is this a desirable condition? 

Responsibility. The university teacher has one advantage 
over research men. He has contact with the next generation 
of productive individuals at the time when they are deciding 
their future vocations. This is also his great responsibility. 
Students very quickly sense the difference between first- and 
second-hand knowledge and once they contact pioneer think- 
ing they are very severe critics. Outside of creative effort 
there is no pleasure quite so satisfying as to see a young mind 
light up with a new idea. It is too bad if the man who first 
lights it cannot also contribute to keeping it burning until 
well established. 

Aside from making contributions to knowledge and leading 
graduate students to higher degrees there is a positive value to 
the teacher himself in taking part in investigations. Nothing 
keeps a man’s feet on the ground like the cussedness of experi- 
mental material, and particularly living material. One soon 
comes to realize the statistical nature of many of our types; 
normals, laws, and other concepts too frequently misapplied 
to individuals. A still more valuable contribution to the teacher 
is the pressure to present not only his research but an organized 
concept of current work in the same field, first to local groups 
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and then to national societies with the probability of publica- 
tion. The failure of teachers to carry out research is often not 
due to inability but to inertia. Teaching presents many prob- 
lems that must be solved now and are solved now. In research 
what you do and when you do it is a matter of initiative. 
Overcoming inertia is a large part of the solution of the prob- 
lem chosen. If research is undertaken solely in the hope of 
advancement or of commendation it had best be left undone. 
On the other hand, a man without natural curiosity should 
not be teaching in a university. 

Opportunity. The teacher in a university is in a fortunate 
position. His routine is seldom too heavy to devote some time 
to advanced study and investigation. Good results should be, 
and often are, rewarded with further opportunities. Good re- 
search is not generally the result of exceptional allotment of 
time, money, nor apparatus to previously sterile individuals 
but results from the everlasting insistence on finding answers 
to definite questions against many odds. A very productive 
biologist has made himself internationally known by choosing 
one organism and making it the test material for the whole 
range of general physiology. This organism was chosen be- 
cause it was easy to obtain and raise at a time when no money 
was available for research. A young physicist made a step- 
ping stone out of his stumbling block. He attempted the sepa- 
ration of some rare gases and failed because of the poor quality 
of charcoal absorption. He forgot the gases for some time and 
concentrated on absorption with very happy results in the 
construction of gas masks during the last World War. More 
fundamental contributions on the subject of physical charac- 
teristics of monolayers have come from the same attack since 
then. Some will complain of a too full program of routine. 
Moliere’s advice, ““We must not hurry, we have not a moment 
to loose,” will apply here. A drowning swimmer in sight of 
his goal needs the highest efficiency and the same applies to 
anyone with limited energy. You cannot do good research 
with a tired brain. 

Problems. Men able to cut out a field of work for themselves 
need no suggestions other than source material. It is to the 
hesitant or self-satisfied that this article is directed. Avenues 
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of investigation are not closed in any field. The number of 
publications, for instance, involving the study of chondro- 
genesis and osteogenesis almost doubles every twenty years 
despite the fact that it has been one of the earliest subjects of 
microanatomy. It is not necessary to jump on the band wagon 
of the latest instrument, technique, material, or clinical con- 
cept. The electron microscope certainly magnifies and re- 
solves, within a limited field, more than any other microscope, 
but have we seen and understood all that is significant even 
under low power fields? We extract from our experience only 
what we are prepared for, and frequently only what we are 
looking for. We stand in our own light. An astute student can 
find significant new relations in slides that have been studied 
for years by hundreds of staff and students. It often requires 
a naive fresh point of view to see what then becomes evident 
to everyone. Investigation of this kind may not reach publica- 
tion but its teaching value and cumulative value in making 
judgments is very great. If one wishes to travel in some foreign 
land he chooses a group of plants or animals that occur only 
in that place, but fundamental physiology may require only 
the weeds in your back yard or a drop of blood from your 
finger. A type of work more easily carried on is the study at 
intervals of materials accumulated over years. This happens 
in many departments in many medical schools. Others watth 
for the unusual case. In the proper hands any line of attack 
will yield valuable data. 

The opportunity of doing something to advance knowledge 
is open to all of us. The responsibility and the incentive of 
inner satisfaction both urge us. Problems of all grades of 
difficulty and significance lie all around us. A wise adminis- 
tration should evaluate and reward teaching and research ef- 
forts in terms of their mutual benefits quite as much as in 
extensive publication or of publicity. Let us get on with the job. 




















